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PREFACE 

In tins book an attempt lias been made to treat botany from 
tlie standpoint of general principles rather than as illustrated 
by special plants used as types, and from a world point of view 
ratlier than from a local one. This method is more likely to 
give the student a broad outlook, and makes the book suitable 
for any climate or region. The writer has had teaelhng experi- 
ence in both temperate and tropical regions, and believes this 
method preferable for students in either region, not only be- 
cause it gives them a broad outlook but also because it avoids 
many misconceptions. 

There is probably greater similarity in the botanical features 
of tropical and temperate regions than is generally realized. 
Tlie writer has failed to find any set of facts which should be 
taught to students in the one region and not m the other. The 
vegetation of the temperate zone is, hi general, more specialized 
than that of the tropics, but the features which in temperate 
countries are the result of cold are paralleled in the tropics by 
similar features which are connected with a dry season. Bizarre 
plants are rare in any cultivated region, and such curiosities as 
liaffleHla and Mq)enthes are less familiar to the average tropical 
student than is Diunaea to the average American. 

Treating principles rather than iiidividual species leads the 
student to realize that he is studying plants in general rather 
than a few selected kinds, and this realization greatly enhances 
the value of tlie knowledge obtained. In this book the names 
of the species used to illustrate structures* are given in the 
legemls to the illustrations rather than in the text, and in many 
cases these names might just as well have been omitted. This 
method of Irandling the illustrative material tends to make the 
book general rather than provincial. ^ <Vi,. 




A TEXTBOOK OF GENERAL BOTANY 

Other features which give the book a universal aspect consist 
in methods of presentation rather than in seloetion of subject 
matter, except in so far as widely known species are used in thii 
illustrations. Good examples are afforded by sucb subjiads us 
deciduous leaves, annual rings, and rings' of bud-scale s{'ars. In 
temperate countries these are associated witli a winter season, but 
they are also found in many tropical trees that are native to regions 
with a seasonal climate, and in this case they are connected with 
a dry season. Obviously such features should be considered in any 
general text, but they should be treated in relation to adv(*rs(^ 
conditions rather than as universal phenomena. This wull em- 
phasize their meaning to the student, and at the same time will 
let him kno\v that they are not characteristic of ail trees. 

The greater part of the book is devoted to the morphology, 
physiology, and reproduction of the seed plants, as these plants 
are of the greatest interest to the student on account of their 
importance in his environment. The plant is treated as a 
working machine, physiology and morpliology being taught to- 
gether, as in this manner both are most interesting and most 
easily understood. 

The waiter has given this course to seventeen cdasses, and 
mimeographed editions have also been used in the University 
of the Philippines by Professors Kienholz, Marahon, Merrill, 
Santos, and Shaw of the College of Liberal Arts and by Professors 
McWhorter and Quisumbing of the College of Agriculture, 
and by Professor Gutierrez in the Natioiial University. Tlie 
experiences of the writer and the suggestions and criticisms 
of those who have used the text have been embodied in the 
successive editions. Great care has been taken to arrange the 
topics in such sequence that the student will be prepared to 
understand every subject when it is presented, and that the 
necessity of advanced or deferred explanations will be obviated. 
Only such subjects as the student may be expected to master 
and remember are included. Nothing is simply mentioned, as 
■ ] mere mention without inforrnation sufficient for an understanding 
is more likely to confuse than to instruct. 
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The proportio]! of space dey;oted to the lower plants is less 
than in many texts, and can easily be still further reduced by 
omitting some of the forms, which are treated separately except 
in the paragraphs on relationship. The writer has always omitted 
a number of forms when giving the course in a half year. 

The illustrations Avere made for this book, under the direction 
of the Avriter, AAuth the aim of haAung them well draAvn and ac- 
curate. Good draAAungs not only are best for purposes of instruc- 
tion but are an inspiration to the student and an incentiAm for 
him to make good ones himself. The student can hardly be 
expected to make good drawings if those in his text are poor- 
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The soil particles are composed of a number of different com- 
pounds. Small quantities of these go into solution in the water 
around the particles and pass into the roots of plants. The ele- 
ments which are necessary for plants and which are obtained 
from the soil are nitrogen, phosphorus, sulphur, calcium, iron, 
potassium, and magnesium. 

Habit and habitat. There are many different environments in 
which plants grow, and in each case the plants are fitted by their 
structure for their particular 
environment. The kind of 
environment in which a plant 
grows naturally is known as 
its habitat, while the form of 
the plant is spoken of as its 
habit. 

Terrestrial, aquatic, and 
epiphytic plants. Plants that 
grow in the ground, as is the 
case with most of the higher 
plants, are terrestrial plants. 

Those that have their habitat 
in water are known as aquatic 
plants, or aquatics (Figs. 5, 72, 217). If they are submerged in 
the water, they are submerged aquatics. Those that grow perched 
on other plants but obtain no nourishment from the plants on 
which they grow are epiphytic plants, or epiphytes (Figs. 2, 85, 
195, 490, 493, 506, 507). In cold temperate regions the epiphytevS 
are mosses and inosslike plants and lichens. In warmer regions, 
particularly in the moist tropics, many flowering plants also grow 
as epiphytes. Some of the most beautiful of the orchids belong 
to this class (Fig. 2). Epiphytes are dependent for their water 
supply on rain and on water which condenses from the atmosphere. 

Xerophytes, mesophytes, and hydrophytes. Plants that are 
fitted for growing in a dry habitat are known as xerophytes 
(Figs. 511-514). The cacti are good examples (Fig. 512), These 
plants have enlarged stems in which they store water for use 



Fig. 5. A floating aquatic plant (Pis- 
tia stratiotes) that is found in the trop-* 
ical and subtropical regions of both 
hemispheres, (x ^-) 



Fig. 6. A mesophytic tropical forest (Philippine) 


Fig. 7. Flower and buds of Rafflei 


'sia mamllana, a true jjarasite on the 
^ Cissus vine 

aves or stem, the flowers growing directly from f 
species of Rafflesia, R. arnoldi, has the largest knov 
ese being about a meter in diameter 
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when a sufficient supply is not available from the ground. 
Plants, such as aquatics, which can grow only under very wet 
conditions are hydrophytes. Most plants are not specialized to 
grow in either very dry or very wet habitats, but thrive under 
conditions intermediate between these two extremes (Fig. 6). 
Such plants are inesoiohytes m-A: include the great majority of 
cultivated plants, such as beans, tomatoes, corn, squashes, etc. 


Pig. 8. Two species of troj)ical mistletoe -which ax"e hemiparasites. 

Left, TTscu//i orientaLe, the root of which forms a single haustoriiim (absorbing 
organ), liight, Loranthus pMUppensis^ the roots of which grow on the surface of 
the host and send many liaustoria into it 


Parasites and saprophytes. While most plants manufacture 
their own food, there are many whicli live on food that has 
already been elaborated. Those plants that send absorbing organs 
into living plants from which they draw their nourisliment are 
parasites. As true parasites do not contain chlorophyll with 
which to manufacture the food they require, they do not have the 
green color of chlorophyll (Figs. 7, 161, 170). Some plants, how- 
ever, have absorbing organs by means of which they obtain mate- 
rials from other plants, and at the same time possess chlorophyll 
which enables them to manufacture food. Such plants are hemi- 
parasites^ of which the mistletoe is a good example (Fig. 8). 
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Another ctes of plants, instearl of nuumfiu,|„n'n£r 
food, absorb it from decaying organic lualicr. 'I’Ik.s.. arc 

Numenars Kuprophytic !luurt'iF,,r 

plants obtain thdr food frun, d.-ruiop,,^" 
mg organic matter in the soil (Fig. <1;. 
These, like the parasites, lack ehloria.liyli 
and are frequently colorless; th,.y may 
have various colors, but they n.^ver hivo 
the green color of ciilorophv'il. d'ho most 
numerous of the parasites ami saprophvt..s 
belong to the lower groups of plants. .V[os) 
of the bacteria and all of the fungi eitlmr 
are parasitic on plants or animals or arc 
saprophytic* 

Annuals, biennials, and perennials. Ac- 
cordmg to the length of time they live, 
plants are designated as annuals, biennials 
and perennials. Those that live for only 
one y(^f or a single season are mnuah -, 
these mclude our cereals, such as corn, 

pipe;, a sap- wheat, and many of our vege- 

with color- tables, such as tomatoes, cucumbers, 
leaves. (x|) Bzenntab are plants that live durimr the 

rather „„„„„„ i„ temperate '.f ' ’ 

vegetable* ae beet,, c»rote, a„,l eabbage,. 

Hants Idee roses and canuas that live from vear f,. , 
through a series of years are perennzah. ^ 





CHAPTER III 

THE CELL ^ 

When a portion of a plant is examined under a microscope, 
it is found to consist of a number of small, boxlike compartments 
called celh, A typical plant cell is shown in Fig. 10, and a section 
of a group of cells in Fig. 11. A 
plant cell is surrounded by a firm 
wall called a cell which may 
be regarded as a container in 
which the protoplasm^ or living 
part of the cell, is found. Cells 
may be thought of as the funda- 
mental units of all living things, 
whether plants or animals. The 
cell is the smallest unit of living 
matter capable of continuous in- 
dependent existence and of repro- 
duction. Very small plants or 
animals may consist of only a 
single cell, while large individ- 
uals are composed of a great 
many cells. An egg of either a 
plajit or an animal consists of a 
single cell, which, by division 
and growth, develops into a mature individual of its species. In 
highly developed plants and animals cells become specialized 
and suited to different uses, 'llius, in ordhiary green plants 
there are cells that are especially suited to the absorption of 
water; others, to the conduction of water; and still others, to 
the manufacture of sugar from carbon dioxide and water. The 

15 ' .. 


Fig. 10. A typical cell from a hair 
of a squash plant, (x 180) 
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special characters of iiiaiiy.' differeat kiiicls of cells w ill Im eridc^iit, 
after a study: of; Alie- different, parts of a plant. All livitig cells 
are alike, however, in their fundaiuci it al characUn i^iics. 

Cell walls* Cell walls are important not (>niy Ih-cjiusc* ilicy 
serve as containers of the protoplasm hiit also hcc'uusc ihcy 
enable the plant to assume a deiinit() shape. If it ^ve.rc nnt fin* 
the cell wall the protoplasm, being lirpiid or semiliqiiid, uoiilri 
simply spread out on the ground, as wfjuld any otlicT lipnid, 
^ The heartw'ood of trees eonsisis lajgeiy 

. of thickeue‘<l cell wells of dt^nd eeJLs 

if a pit etc of wofjfl is exam- 
I i under a mi(n‘oscoptn the walls of 

irulividual cells can be. remlily seen* 

J , f I typimdiy ('ompi;S4i<l of 

I 'I cdlulom^ xvliieh is a chemical {'umpound 

having the formula (C,dl and 
^ 'A belonging to the group of organic, com- 

^ f « pounds known as carbolivdnites. Ctdhi** 

Fig. 11. a section of a co]Grlcs.s; ab.sorh.s wat^r 

group or cells from an ... , , , . , ^ . 

. . .‘AON readily, and is insouihle lu water. ( ut- 

omon root tip. (x 600 ) 

ton and filter jiaper are very jrood exuiii- 
ples of nearly pure cellulo.se. Cellulose is well suited to the 
formation of cell walls, because it is rather bard and .strong and 
because water can pass through it. Owing to il.s bardiH,'s.s and 
strength it gives firmness and strength to the <’ell wall. .Since 
water is one of the essential constituents of plant <udl.s it i.s of 
great importance that the cell wall should be of some suhstance 
through which water can pass, so that water can readily entm' 
a cell or pass from cell to cell. 

Cells that are specialized for certain purposes somelinie.s 
have other substances in addition to the eellulo.se in the eel! 
wall. Cell walls that are considerably thickened, so as to give 
great strength, frequently contain a substance known an Ihfatii, 
Such <?ells are said to be liffniJiejL Wood is composed large !v 
of lignified cells. Water ^passes througii ligiiiu very readiiv, 
so that the addition of lignin strengthens the wall witlana 
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greatly interfering with the passage of water through it. Cells 
that are on the outside of plants and exposed to dry air fre- 
quently have their outside walls impregnated with a waxy 
substance, cntin. Water does not readily pass through such 
cell walls; consequently the walls tend to protect the cells 
from excessive loss of water due to evaporation. A layer of 
cutin is frequently found on the outside of cells that are 
exposed to dry air. Such a layer is known as a cuticle- Stems 
of plants are frequently protected from high rates of evapora- 
tion by the development of cork The walls of cork cells also 
are impregnated with a waxy substance, which is 

impervious to water. 

A cell can exist without a cell wall, and in some of the 
simpler plants, at certain times, the protoplasm escapes from 
the cell and surrounds itself with a new cell wall. 

Animal cells do not have hard cell walls, like plants, but 
have a soft covering; in some cases they may be naked. For 
this reason the flesh of animals is soft, while the form of large 
animals is due to a considerable extent to their bones, and not 
to cell walls, as in plants. 

Protoplasm. Within the cell wall is found the protoplasm, 
or living part of the cell. The gray inaterial in Figs. 10 and 
11 is protoplasm. Protoplasm is usually a viscous liquid or a 
jelly. There is no sharp dividing line between these two states, 
and the same protoplasm may change from one to the other. 
The liquid state is associated with a more active condition. 
Protoplasm has a slightly grayish color, or it may have a yel- 
lowish tinge due to included food particles. It is usually rather 
.transparent. Included within the protoplasm are numerous 
minute granules, many of which are food particles. 

Protoplasm is essentially a colloidal dispersion of proteins in 
water. Active protoplasm usually contains more -than 90 per 
cent of water. In some cases, as in seeds, the amount of water 
may be "‘much smaller, and the protoplasm becomes relatively 
hard. In such eases, however, the protoplasm loses most of 
its activity and becomes active only when additional water is 
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supplied.'; IrToteiiis are very eoiiiplex r<Ji!i|Hiiaif!s vitli 

large molecules and always contain liie cIciiHiif^ {'arbun, liybi'o- 
gen, oxygen, and nitrogen, and frequently in ialdititm otlHU 
elements, such, as sulpliur and phosphorus. In prnMipitisin thmv 
are. many' diff extent kinds of pruieiiis. The whin* of an egg is 
a very good example of one kind af pi^oloin. 

Colloidal state - of protoplasm. ITe proteins a.rt* dispersed 
ill the water of the protoplasm as partieles ni eolisadal size, in 
order to understand what is nieaiii hy a, ecdloidal di>per-dun in 
water (sometimes ('ailed a (‘olhadal solution) we may rnnsidor 
tlie differences between a suspension, a eolloida! dispersituu and 
a true solution. If we wen.^ to la.ki‘ small parti(‘}os of soil that 
are still large enough to ])c visilTx and stir thtun in a vessel 
of water, thej' would he(*.ome suspeiuh'd in the watt-r, \Vi) 
should then have a susjiension of soil partich's in wattu*. Wc; 
frequently see such a condition in, muddy riv4*rs or in agitah'd 
pools. Each soil particle is composed of many !mdeeuh^s. Hiese 
particles,, would settle to the bottom if the. water ■were lo remain 
still for a sufficient length of time. Each soil partiede could he 
divided into two, and we should havti a susp(uision fd smaller 
partieles. Theoretically this process ol‘ division could \m c?on- 
tinued until each particle would consist of only a few nndceules 
and finally of only a single one. I'hc last ('ondition would he 
a true solution, in which the individual undtu-uh's td' tlse soil 
would be dispersed in water. When we put a Tilth sugar iii 
water, the sugar seems to disappear and to sweeten th(* water. 
In such a case we have a solution (or dispen’siun at nndeciih's) 
of sugar in water. From the foregoing considcratiiui it is evi- 
dent that there must be every gradation hedwenm a suspension 
and a true solution. The condition inttu’mtidiatt^ hetW(H‘n a true 
solution (dispersion of moleeuhjs) and a susptmsi^m (dispersion 
of visible particles) is^known as a colloidal dispci-sican A C(d- 
loidal dispersion in water is a dispersion of purtiedes whose? size 
may vary between 0.1 g. and 0.001 fM, (1 g efpials 0.001 milli- 
meter.) The lower limit is regarded as the size of a large mole- 
cule, while the upper limit is slightly smaller than the smallest 
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object oi which the form can be seen with the aid of a mieroscope. 
. lese hniits are arbitrary, as there can be no sharp division be- 
tween a colloidal dispersion and a suspension. Likewise, there 
IS no sharp distinction between a colloidal dispersion and a true 
solution, as some complex molecules are large enough to be 
within the limits of size given above for colloidal particles. 

A suspension is a dispersion of particles which are larc^e 
enough to be visible with the aid of a microscope. A trSe 
solption IS a dispersion of molecules or parts of molecules. A 
colloidal dispersion is a dispersion of particles which are laro-er 
than most molecules and yet too small to be seen even with 
tlie aid ot a microscope. 


_ Colloidal dispersions are not confined to dispersions of solids 
in liquids. Just as we may have an emulsion (which is a sus- 
pension of a liquid in another liquid, as oil in water), so we 
may have a colloidal dispersion of a liquid in another liquid, 
pus condition is known as an emulsoid. Smoke is a disper- 
sioi(,of a solid in a gas; a cloud is a dispersion of a liquid in 
a gas ; meerschaum is a dispersion of a gas in a solid ; ruby 
glass IS a dispersion of a solid (gold) in a solid (glass). Proto- 
plasm is an emulsoid in which proteins are dispersed in water. 

Importance of colloidal state. Much of the importance of the 
colloidal state arises from the fact that the dispersed substances 
have enormous surfaces for the play of surface forces and for 
chemical reactions. The increase in surface when a substance 
becomes finely divided can be illustrated by the following ex- 
ample: A cubic centimeter of material in the form of a cube 
would have six sides, each with an area of 1 square centimeter. 
The cube would therefore have a surface of 6 square centimeters. 
If this cup were divided into two parts by a cut in a plane 
parallel with two sides, the surface would be increased by the 
area of two sides. .The two parts would then have a total area 
of 8 square centimeters. Subdividing these parts would, of course, 
increase the surface area. If the original cube were divided into 
cubes with edges 1 millimeter long, there would be one thousand 
cubes and they would have a total area of 60 square centimeters. 
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If it were divided mtu eiibes with Kiden 1 /i. {O.iHll 
loiig, there would be a:-total area of# sqaan^ uielc^rs, while if 
the 'original cube were divided iiih) eiilnfs with t‘dges OJIOI /x 
long, the total surface would be OOOO square meters. 

Hydration of protoplasm. The particles (tf many eoiloitis liii\e, 
the property of absorbing and ladding large* fpianiines nf \va!<‘r. 
This property is known as hydration, aii<l a (Miileid u!ii<*ii lia< 
absorbed water is said to be liydrate<h (iehuiu is a. t'olluid ami 
affords a good example, A 2 pm- cent solutis»ii af gtdaliin is a 
solid at ordinary temperature. Tims, twu parts of g4*larm cati 
hold ninety-eight parts of water. The (.‘olhuds of protoplasm are 
hydrated, the degree of hydration varymg under diftVrenl 
conditions. 

Distribution of protoplasm. Tie protoplasm is ustially flivided 
into two parts : the nucleus, aroan<led f)ody : atid the iwtiqhasm, 
which is the protoplasm outside of the nucleus. Hiese are shemn 
in the cells in Fig. It. Young cells atm usually filletl with proto- 
plasm. In mature cells the cytoplasm may consist i>f a layer 
around the cell walls, a layer^around the nmteus, and strands 
radiating from around the imedeus toward the cell walls (see 
Figs, 10, 11); or the cytoplasm may simply occur as a layer 
around the cell walls and the nucleus be embed<led in this layer 
(Fig. 18). The nucleus is generally regarded us the pant of the 
cell which governs the activities of the other parts and deter- 
mines the nature and hereditary charaeteristics of the plant. 

Inclusions within the protoplasm. ProtoplaMu consists e^ssen- 
tially of a colloidal dispersion of proteins in watm\ but many 
other substances may be found within the proloi>lasm; these 
include mineral salts, sugar in soliitifui, ami baal panieles. 

Physiological properties of protoplasm. Ih'otoplasuus frequently 
said to be distinguished from nonliving matter by the following 
physiological properties : 

1. Msorptimi and excretion. By absorption {>rotoplas]n obtains 
materials necessary for its growth, and by ex(*reti<m it gtus rid 
pf some substances which it does liot need. The protoplasm of 
green plants takes in water and mineral matter fruin the soil, 
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and carbon dioxide from the air. In the process of photosynthesis, 
sugar is manufactured from the carbon dioxide and some of the 
water. This sugar may be stored in the cells or changed into 
some other form of stored food ; or it may combine with elements 
from the soil and be stored as food; or it may become incor- 
porated in the protoplasm. Substances which are very different 
from protoplasm are thus taken into the protoplasm and then 
co^ined and made into protoplasm. 

Metaholimi. The mm of the processes of chemical change, 
including the building up and oxidation of material within the 
protoplasm, is known as metabolism. One of the activities of pro- 
toplasm is the combining of sugar with elements from the soil to 
produce proteins which become a part of the protoplasm. This 
is a constructive process. Destructive processes also take place 
• in the cells of plants as complex compounds are broken down 
with the liberation of energy. The protoplasm uses this energy 
in various activities. 

3. Grrowth and reprddiietion. The growth of protoplasm is 

due to changes within the protoplasm, while the growth of non- 
living things, such as ordinary .crystals, is accomplished by the 
addition of layers on the outside. Reproduction is essentially 
the separation and growth of small portions of protoplasm de- 
rived from one or two parent organisms. Reproduction, there- 
fore, is a form of growth. i 

4. Movement Protoplasm has the power of moving and is 
frequently in motion. This motion of the protoplasm in a cell 
can be easily seen with the aid of a microscope. In some cases 
the motion is evident as an active streaming, while in others it 
manifests itself by changes in the shape and position of the 
protoplasmic masses. Fig. 12 shows three drawings, made at 
fifteen-minute intervals, of the same cell. The changes in the 
arrangement of the protoplasm are very evident. Protoplasm 
not only possesses the property of moving but it may also cause 
the motion of \vhole organs or even organisms. This kind of 

X movement is more evident in the case of animals than in plants, 
but is easily recognized in the case of sensitive plants and in 
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leaves which fold together at night. We koow a]st> that i\m 
younger parts of many plants bead towjird tlu* light. Xiuiua‘()i,is 
small plantvS which live in water have the power of moving from 
place to place, just as is the case with animals. 

5, JmYafoH?/. The property of n^sponding to external si inmli 
is known as irritability. A good examplti is affifrd(*il by llu^ {*f- 
fect of various stimuli, such as lieat (U i-lunaicals, on the. uio\'e- 
ineiit of protoplasm. Moderate heat imavases the rale, \vhiii‘, low 




Fig. 12. Drawings, made at fiffceen-minnte intervals, of a et*!! frotn a hair 
of a sqinisli |»iant 

Kote the changes in the arrangement (*f the protor’lasm. (x lBt») 

temperatures decrease it. Some chemicals accelerate it, while 
others have the opposite effect. The effect of a stimulus f>n proto- 
plasm may be evident in the movement of a whole organ, as wlien 
the leaves of a sensitive plant close as the result of contact or 
o^eat, or when a stem or a leaf bends toward tJie light. 
’^Vacuoles. The larger part of the space witliin a mature cell 
is usually occupied by a vacuole. This is a clear space which 
contains water with small quantities of material dissolved in it. 
The principal use of vacuoles is, by enlarging the cell, to increast^ 
its absorbing surface ; besides this, water, food, or wniste material 
can be stored in them. Vacuoles are not present in very youisg 
cells, but as the cell increases in size small vacuoles appear and 
then gradually enlarge. As they increase in size they coalesce 
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to form a wsingle large vacuole, the volume of which is usually 
greater than that of the protoplasm. In a large cell the protoplasm 
occurs as a layer lining the cell wall, while in addition there 







Fig. 13. Celts from an onion root 

The cell in the upper left-hand corner is a young one without vacuoles, while ‘ 
the others show various stages in the formation and enlargement of the 

vacuole. (x800) 

may be strands stretching across the vacuole. Fig. 13 shows a 
young cell without vacuoles, and stages in the formation and 
growth of the vacuole. 


24 


A TEXTBOOK,: OF GEN:ER.A,L BOTANY, • , 

,, Plastids* These are definitely sliapefl pruiein !)udies eniheddetl 
in the cytoplasm. There are several kinds of plasiids, and ihry 
have' different functions. C^kmjdrfMkh are green lHMlif\s whieli, 
are colored by chlorophyll. lii the pn^seiau* of suiiligliK earhon 
dioxide and water are change*] into sugar in the* rliirn‘n[dasiid.s. 
Amyhplastids MB white plastids in which, stan-h is sturial. 
Ohronioplastids are variously eolore*! plastids which in sonai 

ca,scs an; ro.spunsibk* ha* 
tlie, color of flow^ers, fruits, 
and otlier, organs. 

The units of living mat-:' 
ter. The cell is tl:ie small-':, 
est unit of living matter':' 
capable of continued incle" 
pend,eiit life and growth, 
l:)ut examination o:f a cell 
lia's sho'wn that it is com- 
posed of a iminber of dif- 
ferent smaller units, -all 
of 'which combi, ne to carry 
on. tlie va'fied activities of 

Fig. 14. Cells from the kernel of a fruit ^hc Lili. lu latC! chiiptus 
of a nipa palm (N'ipa fruticanfi)^ showing' we shall ha\e occasion to 
protoplasmic connections between adjacent study tlie structurf; of the 
cells small units wliich we have 

The white areas represent thick coll walls observeil in the ceil, and 

we slvdll find that some of 
them are in turn very compdex and composed of different kinds 
of smaller units. While the cell is, therefore, the smallest unit 
of living matter capable of continue*! independent (*xisteru*e, 
it is itself a very complex structure composed of many varied 
smaller units. 

In at least many cases the cells of higher plants are not abso- 
lutely independent, as the protoplasm of neighboring cells is 
connected by means of fine protoplasmic strands whieli run 
through perforations in the cell walls. When the walls are thin 
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it is rather difficult to demonstrate these connections, but they 
are much more easily seen when the walls are thick. Such con- 
necting strands are shown in Figs. 14 and 294. 

Middle lamella. Between two adjacent cell walls there is a 
thin layer known as the middle lamella, which cements together 
the two cell walls. 


CHAPTER IV 

THE LEAF 


A leafh a lateral ontgiwtb from astern ainl is, 1 yni,.a!!\-, a 
tlim, expanded structnre witli, usually, a gn.rn e.dor '( Fi-o id) 
While a number of important piiysioingiral pnuvsses tak,^ 
place 111 leaves, their principal function, and the one for wliieh 

llieir stnictiuv is i*sprc‘iallj 

suit irI, is This 

i.B the pr(>(,li:ict:.ic)ii of sugar ' 
fr(.un caii)U!‘i clioxicIcV and 
water in tlie .presence' of 
siuiliglit. This pn-H'CHS takes 
{)liice only 'wlie:re . tliere ' is 
eUorophyll, which c>eeiirs in 
the |_ |"|0 si.icffu* 

fonued iu pliutosyutlipsis is 
the l)aKis from which all the 
complex eompoiuids foiuid 
in plants are produc'ed. The 
thin, expandcil form of leav(^s 
rs espeeiiilly suitcid fer pho- 
iosyntlassis, as light, wliidi 

penetrates only a short distance 

StSre one?"' T ^ pliotosynthesis. 

of a broad expanded portion, the blade, which is the essLti-d 

C’tL / petiole, which is sometin»es lackimr; tlie 

S«se, the part which pins the leaf to the stem ; and oftei.; pair 

26 ^ 



PiG. 15. Young leaves of mulberry 
{Morus alha) 

Stipules occur at the bases of all except 
the ohiost ; here there is a scar showiipr 

where the stipule was located, (x -^) 
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of stipules, which are scalelike or, rarely, leaflike outgrowths 
from the base. Frequently the stipules are temporary structures 
and drop off as the leaf matures (Fig. 15). 

Leaves are distinguished from stems by their origin, the leaf 
being the first lateral outgrowth from the stem (Fig. 92), while 

the branches grow in tifb axils of the leaves, that is, just above 

where the leaves are joined k 

to the stem. Leaves are Jk 


further distinguished from Jim 

stems by the fact that the J I I 

growth of a leaf is usually i wl/ / 

I miite d, while that of most I\\\^ 

stems is not ; 

reach a certain size and the n f\v^ v^/J 

ceaseTo*''^^WrwE]F ^ms ^ 
conSnue" to grow m length* 
as long as4;he^l^nO^ 

The blades of most leaves « 

contain a narrow, thickened J Bi 

structure which is a contin- 

nation of the petiole and Fig. 16. Venation of leaves 

extends from the petiole Feft, leaf of eggplant, showing midrib and 
through the center of the ’ right, canna leaf with par- 

blade to the opposite end aiiel veins 

(Fig. 16). This is the On both sides of the midrib there 

are lines which either are parallel with each other or form a 
network. These are mm The midrib and veins contain con- 
ducting cells, through which w^ater, coming from the roots, is 
carried to all parts of the leaf, and by means of which food, 
manufactured in the leaf, is conducted to the petiole on its way 
to other parts of the plant. The midrib and veins are also im- 
portant in giving stiffness to the leaves. Some leaves do not 
have a single midrib but, instead, have several large veins which 
serve the same purpose (Figs. 54, 58). 

Venation. The leaves of flowering plants show two very dis- 
tinct types of venation, that is, arrangement of the veins. In one 


28 , 


A TEXTBOOK OF GENEllAL BOTANY ,..' 

type the veins parallel (Fig. Ih), whili‘ in i1k* oilur tlu*y 
form a network (Fig. 16) and are said to he Heffed. Tht,?se in’o 
types of venation, are characteristic of the two great divisloiis of 
flowering plants, monoeotyledoiis and di{'otyh‘dons. 
ledom are plants with one seed leaf, wliiie diroif/lrdon^s^ have tw'o 
seed leaves. Parallel veins are charaeierisiic of mtmoc'oly it‘dnns, 
and netted veins of dicotyledons, although Siune mimocotyko 
donoiis leaves have netted veins. 

MICEOSCOPIC ANATOMY' OF LEAVES' ■ ; 

Epidermis. The leaf is covered on both surlfioes by a, singk.*, 
layer of cells, known as the epidermis ( Fig. 17). The outtn* waills 
of the epidermis are usually thickened and inipivgiuiied with a. 

waxy s'li. I)stai'ice cjailed, etiUn* 
W allS' that , are' i.mpre.giiatr^d. 
witli cutiii are sai„d d-o be 
eutimzed* Not only do tl,:i.e' 
outer walls of ■, tlie "e|:n- 
dermis ■ contain ciitiii, but 
their outer surfaces are fre- 
quently .covered by a 'layer 
of ciitiii : whicli , is known, 
as a etdtcle, 'Water passes 
readily through ('ci lu lose, 
and so, • if the c)u.ter walls 
' of '.the epidermis, were thin 
celliiloS'e walls, their ' outer,' 
surfaces would be,;", wet'/arid'' 
Fig. 17. Cross section of a portion of the water would cwuijiorate ir< on 

blade of a leaf (IHhiscuKy (x 285) them in large fpuiutitii^s. 

The evaporation of water 
from plants is called trayispiratlon. As the outer walls of the 
epidermis are thick and waxy, water does not pass through them 
readily, and the transpiration of water from the surface of the 
epidermal cells is greatly reduced, only very small quantities 

r 
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of water being lost in this manner. This restriction of transpi- 
ra-tion is one of the most important functions of the epidermis. 
Another function is the prevention of the entrance of disease- 
producing organisms into the interior of the leaf. The epi- 
dermis also protects the soft interior from mechanical in jury. 

In the epidermis of the leaf are numerous small openings-, 
t\\Q stomata. These are shown ^ 


in Fig. 18, as seen in the sur- 
face of the epidermis. The 
small oval openings are the 
stomata, wdiile the large, ir- 
regularly shaped cells are ordi- 
nary epidermal cells. A cross 
section of a stoma is shown in 
Fig. 17, in the lower epidermis. 

Each stoma is surrounded 
by two kidney-shaped cells 
called guard cells. Under cer- 
tain conditions these a'uard 
cells move hi such a way as 
to open or close the stomata. 
The stomata allow for the 
exchange of oxygen and car- 
bon dioxide between the cells 
in the interior of the leaf and 
the external atmosphere, and 
also permit the passage of 



Fig. 18. Surface view of epidermis of 
a dicotyledonous leaf 


The oval openings are the stomata. 
Each is surrounded by two Iddney- 
shaped guard cells containing chloro- 
plastids. The large irregular cells are 
ordinary epidermal cells. An epidermal 
hair is shown at the left. ( x 150) 


water vapor from the interior of the leaf to the outside air. 

Distribution of stomata. Stomata are usually found only in 
the lower epidermis, or much more abundantly in the lower than 
ill the upper epidermis. This would seem to be explained in part 
by the fact that stomata in the lower surface are less likely to 
be closed by rain or by dust than are those in the upper epidermis. 
In leaves which float on the surface of the water stomata occur 
only in the upper epidermis. Submerged plants do not possess 
stomata. 
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Chloreacliyma. Tlie parts of ilie loaf Uuit lii^ withhi llio epi- 
dcniiis and betwee-u tlio veins are osj)(*dally oanying 

on photosyuthesLs. The eells in tliis part of ihe leaf (a)utai!i 
cdiloivjplastkis and are known as ahiofrHrhjpiuf ettlls (Vh^Al?). 

Palisade chlorenchyma. The chbretiehyiiia is usualiy divhled. 
into two regions* The portion -near the upper siirh«a.j is gentn*a!ly 
composed of cilongaietl cells wIiK'ti an? <‘l<ise. together, with their 
longest axis perpendicuiar to the epidcriuis (Figs. 17, ‘JS, go). 

When wti look at si si?<‘iion 
of a Itsif, ihest? <;ells havi? 
an appearsnu'c n*s(?iid)ling 
a psdisiide, sind. they are 
esilhsil pa!isa<le eel Is or pal- 

mide (fJikmmekpnuL ,,,'Tlie: '■ 
palisade eliloi*ei:icI:iyina iiiay ■ 
consist of a single, htyer of" 
cells or of two or inoro^, 
hryers. ' '■ Tliescr, cells, .'beiiig'/'^ 
near the upper' surface'.' of 
tlie leaf, are'''iii' a. favorable 
|)osit'i,on to receive „S'iin light,' 
•and,' t!.ieir fehief'' ftt.i:ictioii"'is:, 
■t'O car,ry on.p}iotr)syii,.tliesis..'..: 
Their elongated shape is favoralde to this function, as the light 
in going through them does not pass thrtnigh many ecdl walls. 
Between the palisade cells are small air spacres whi(*li are con- 
nected with larger spaces in the lower part of the h?af, and 
through tliese with the stomata in the lower epidermis. These 
air spaces make it possible for gases to diffuse to and from the 
palisade cells* In Fig. 19 is shown a section mt across the pali- 
sade layer in a plane perpendicular to the longest axis of the 
cells and parallel with the epidermis, dins section shows v ery 
"plainly the air spaces which extend up between the palisade cells. 

The cells of the chlorenchyma contain a large central vacuole 
and a thin layer of protoplasm lining the wall. The chloroplastids 
are embedded in this protoplasm and are close to the cell wall 



Fig. 19. Section of paiisa<le of a leaf 
(Bihlscus), cut parallel with the epkler- 
luis. (X 425) 
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Spongy cWorenchyma. The lower portioir'of the ehlorenchyma 
is known as spongy cUo'Pthiehyma and is usually composed of cells 
which are more irregular m shape and arrangement than the 

palisade cells (Figs. 17, 
20, 28). this region 

generally contains large 
air spaces. The cells of 
the spongy ehlorenchynia 
contain chloroplastids and 
carry on photosynthesis, 
but they are not in as 
favorable a position for 
receiving light as are the 
palisade cells, and they 

Fig. 20. Section, cut parallel with the epi- fewer chloroplastids. 

dermis, through the spongy ehlorenchyma They are not, therefore, 
of a, leB.t (Hibiscus). (x425) SO important from the 

standpoint of photosyn- 
thesis as are the palisade cells. On the other hand, the large 
air spaces that surround these cells are near and directly con- 
nected with the stomata (Fig. 17). There is, therefore, a much 
freer circulation of gases around 
these cells than around the palisade 
; cells, with the result that they are 
better suited to the exchange of 
gases between the cells and the sur- 
rounding atmosphere. The air spaces 
of the spongy ehlorenchyma are not 
isolated chambers but a series of in- 
tercommunicating passages. While it 
is customary to speak of the air spaces 
ih the spongy ehlorenchyma as though 
there were many of them, it would be just as correct to consid'Br 
many of them as forming a single large air space in which, in the 
ease of the spongy ehlorenchyma, the cells are loosely arranged. 
A good idea of the shape of these passages can be obtained 
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by eomparing Fig. 17 with Fig. 20, which fcju'csitiils a section 
througk the spongy ehlorenehyiiia jiitvallO with tlic c|iiilcriiii,s. 




■■..Fio.22. Rapbitle.H froin loavG.s 
taro {?7o/om.sm ri'ihL /Vx//?/ ,sfr‘ttfitfr.s, (y 1<5i>) 

Owing to tbe fact tliat the chlcirojilaslids are closer hf?r in 
the palisade chlorenehyina than in tlie spongy eliliireiielivnia, thij 

upper surfaces of man}' leaves appear to 
be deeper green than the lower surfaces. 
Calcium oxalate crystals* The leaves 
and other organs of nmny plants t‘on- 
tain coiispieuoiiK erystals of e*aieiiini 
..oxalate,, which app< ars t.o he a waste 
product The forms of tlm erystals are- 
■: very diverse, thie erf the conniitaiesl 
is a eoiapmuHl erystal having the ap- 
pearance of a, roselK' ami known as a 
7mefte ( Fig. 21 ). Anolhm* (-one 

>uou form is a long, slender erystal m* 
raphkle. Such erystals usually lie par- 
allel to each other in a hundltu whicrii 
is sometimes fouml in a sptteial saclike 
cell (Fig. 22). In cei't-aiu eases these 
cells have tapering end walls which are thin at tlui apices 
(Fig. 22). When the sacs are injuretl meehanieally, th(i raphides 
are shot through the thin points (Fig. 2^1). Certain kinds of 
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rapliides are very irritating and seem to afford some protection 
from animals, altiiough many plants with rapliides are eaten by 
animals. At least in some cases the pain produced is due to the 
entrance of an irritating substance into the wound rather than to 
the rapliides themselves. Rapliides are destroyed by boiling, and 
so food plants containing them are not irritating when cooked.. 











m 


e 
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Fig. 24. Cross section of a midrib of a leaf (/.rora) 

On the left is a portion of the thin part nf the blade, showing upper and lower 
er>icleT-’X--nd^chlorenc}ivma. coCp.nchyma ; _p, parenchyma; 

s, sclerciichyma ; phluem f X, xy 

The midrib. The functions of the midrib are to 
the leaf ; to convey food, manufactured in the leaf, toward 
petiole; and to carry water from the petiole to various parts of 
the blade. The midrib is composed of the tissues described in 
the following paragraphs. A tissue is a group of contiguous 
cells haying the same general characteristics. Cross sections of 
midribs are shown in Figs. 24 and 26. 
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by comparing Fig, .17 witli Fig. *10, wliFh n‘[H‘cscHts a 
ttimiigli tFe- spong^^^ cUorericbyiua jvciralicl \utli tlK? cjubtoniis. 



i-'ni. 22. K;q»}i}<li.‘S fmui lf*HV(‘s 

Left, taro (Colorasia (.wulnittim) : sh'ttfit^h h, (y, 1C>0) 


Owing to the fact that the chhiruplastids arc closer logtaher in 
the paiisatte chloreneliyuia than in the spongy clilorciu’hynuu the 

iip})er surfaces of niany h*avcs appear tu 
\\ ]KKhM*p(?r green than I he lowin^sl^•faccs. 

^ \k !/ / Calcium oxalate crystals. The leaves 

\||^ and other organs of many plums ecju- 

\w tain {'ons[)icuous crystals o! calcium 

^ oxalate, which appears to lie* a waste 

— f" produet. The fmans of the. crystals are 

U m I very diverse. One o! the connmaufsi 

H \ emnpound crystal having tin* ap- 

H pearaiH*e of a rosette ami known as a 

H nmftte n\tf^itd ( Fig. 21 ). Anoihcr cone 

\j ^ Aaon form is a long, shauhn* crystal, or 

raphidf^ SiU'lt crystals usually lie par- 
tun 23. Eleeta^f of raph- i l 'f ^ i " • r i i 

.. , ‘ , ailel to ea<*li oilier in a taimile, wincii 

ides from cell ot . 

C olocf r^^m^^ulentum. (x 160) sometumss ioiuid in a special saedike 

cell (Fig. 22). In certain cases these 
cells have tapering end walls which are tliin at tlie apices 
(Fig. 22). When the sacs are injured nK‘cluuiieallv, the raphides 
are shot tlirongh the thin points (Fig. 2B). Vniimii kimls of 


. 3 : 3 ^ 
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raphides are very irritating and seem to afford some protection 
from animals, aithough many plants with rapliides are eaten by 
animals. At least in some cases the pain produced is due to the 
entrance of an irritating substance into the wound rather than to 
the raphides themselves. Raphides are destroyed by boiling, and 
so food plants containing them are not irritating when cooked,. 



Fi<?r. 24. Cross section of a midrib of a leaf (/.x'om) 

On the left is a portion of the thin part of the blade, showing upper and lower 
■■ 7 epidermis : c, cpCRnchyma ; p, j)arencliyma ; 

s, sclerenchyma ; p^, 'pniuem; [ ‘mr 'fX-185) 

The midrib. The functions of the midrib are to stfen^then 

"O' 

the leaf; to convey food, manufactui^ed in the leaf, toward thd“ 
petiole ; and to carry water from the petiole to various parts of 
the blade. The midrib is composed of the tissues described in 
the following paragraphs. A tissue is a group of contiguous 
cells having the same general' characteristics. Cross sections of 
midribs are shown in Figs. 24 and 26. 
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Collenchyma* T!iea*ii art? two ways in wliiiT c‘nl!s strf‘figili 
to plant organs. In some cases the c'thl walls jire very grt^iliy 
thickened, and tla? ihickentsl ('cl! uaiK give stiengilu I'his Ls 
true of tlie wood of waaotlj sitnns. i HIhs" ceils beeoua* stretched 
by the water wdiich is in thtaa, and iherefon* an* rigid. Such 
cells may serve to strf?ngtla?H organs. C Vlls \vhi«hi are slrelelied 
hy the water in them are said to l^e //07/e/- The rigidlfy th> 
rived from turgidity 'has smne I'joints of simihiriiy io tiiat of a 

hose fnil of waimv or thax of an 
amoiru'ft/ile tire tilled with air 
'under pressure. 

ill the t'enter of tlie upper por- 
tion (4 the midrih. just heijnv the. 
epidermis, t hen* Is usually a group 
of eelLs winch give Htrenglh, kitli 
by liavitig thickened walls arnl !)y 
being turgid. A gronji of tiie same, 
kind of ctdls usually octfurs alsd 
above, tlie lower eiikleniiik * 

troHS section throimli 

epidenms and colknchv.na .,f a "" ^•“”‘**** 

ColemHtenL (x 245) ehyiiia. In Ihg. 24 the ecdieriidiynm 

is shown, as a cresceiit-shajied layer 
around the lower part of the midrib and just witlun the epider** 
mis; also as a small group of cells extcjmllrig into l!m projrfciioii 
from the upper surface of the midrih. !n tlm section, shown in 
Fig. 26 the collenehyrna is in. t!m same position as in Fig. 24, ■ 
but is less evident because the walls are not greatly thn'kiuuMl 
Collenehyrna is ■ " 

thickened at ‘ 

1. - \ / -w tlie angles wdiere i}ir(*e <ir more cells come in con- 

with one another. Tins is clearly shown in Fig. 25. The 
thick places in the walls increase the strength of the. i‘e!Is, while* 
the thill places allow for a more rapid transfi^r materials frtun 
cell to cell than would take place if the cell walls we.re thi(*kene<l 
throughout. These cells are more or less turgid, a.n<l sr> givi* 
strength to the leaf in this way also. The forces cau,sing tiir- 
gidity are explained on page 39. 



tact 





The weight of the leaf causes it to tend to bend downward, 
with the "result that there is a tendency for the upper portion 


Fig. 26. Cross section of a midrib and adjoining portion of thin part of the 
- blade of cocoa leaf coca) 

e, epidermis ; c, collenchyma ; p, parenchyma ; ph, phloem ; x, xylem. ( x 66) 


Fig. 27. Termination of feins in a leaf (Hibiscus), as seen in a section cut 
parallel with the epidermis, (x 425) 

to be stiotched and the lower portion compressed. The eollen- 
chyma occurs, therefore, in those parts of the midrib in which 
there is the greatest need for strengthening material. 





86 


■A TEXTBOOK: OF OEXEllAL ilOTAXY 


Pareacliyiiia* The regions between tlie i‘olh.*at!liynia ei^lls um! 
the central portion of the midrib arc of/riipicd by 
cells. In Fig. 24 this parein'livma is shown a,s a ring of usstic, 
wbicli in the drawing appears to be lighter eulnretl than any 

of ilie tissiH'S tfHic.ie 

ing it. This lighter 
appearance' ..is „di,ie to 

thecombiinU Ion of the 
huge size ot t he cells, 
i lie thin walls, ami th^ 
aiiseiice of (*bloriplti.s>- 
t ids. In stnU'tHre tht*. 
pareiiebyina eeils are 
inU, spe(‘iully modi- 
fied for anj" partitai- 
lar fniicti.o,i:i, but- .tliey ^ 
perform all tlie gen- 
e!*al.' fiii:i,.ctio,i.is o.f cC'lls 
to a limited exU^nt . 
I'Aireiicliyiiia 'Celis lisiv'e 
ii'iiii walls.^,^ but on .aclS' 
cmixit . of tlieir t!,i:i*gi,d- 
ity . they .strengthen 
tlie , ' , iiiid.i*ib. ' . 'That a 
't:‘c>i:isi,ilerable . part of 
the- stiff! less of most 
leaves' is due 'to .tlie. ' 
water in their ceils 
eu!i lie n^adily dcnti- 
onstrated by means d* leaves whit'h have been severed fiom a 
plant. Such leaves c(%,inue to lose, walm* !>y trans}>iratiun. As 
this water is not replaced, the cells of the leaf will caaiiain less 
and less water and will lose their turgidity. Wtj see the result 
when tlie leaf wilts and becomes soft. 

Conducting system. The tisvsues composing the <*ondmi,ing 
system are situated near or at the center of the mi<lri!>. This 



Fic. 28. Cross section of the thin part of u l<*uf 
(Ijcora), siiowiii.a the <*onn<,*eth>ji of the elilonai- 
ohyina with a vein 

The vein is seen in the center as a compact e:i'oup 
of cells, ( x 215) 
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system, as seen in cross section, usually lias tlie form of a ring 
(i ig. 24), a crescent-shaped, ring, a crescent (Fig. 26), or '’scat- : 

tered patches, but may have other shapes. 
If it is in the form of a ring, parenchyma 
cells are usually found within the ring 
(Fig. 24). The inner part of the ring is 
composed of xylem^ which is conspicuous 
on account of its having thick-walled 
cells. Xylem conducts water and, on 
account of its thick-walled cells, gives 
strength. The conducting elements of 
29. Arraiigement the xylem are long tubes composed of 
of netted veins and the dead cells. 

free ends uf the veinlets mi ^ ^ , 

ill a suiall portion of a surrounded by a 

leaf of a lime (Citrus* ring of jiWoeTO, which IS composed of thiu- 


auranti/olia). (x 6) walled cells (Fig. 24) and serves for the 
transportation of food materials that 
come from the chlorenchyma of the leaf. When the xylem, 
instead of being in the form of a ring or a crescent-shaped ring, 
has the form of a crescent, the phloem may occur only below 

with the stem. " ' 

Sclerenchyma. Thick- ^^6. 30. Section^, of a vertical leaf of Euca- 
walled, dead cells are 

(x 275) 

fre€|uently found scat- ^ 

tered in tlie parenchyma just outside of the phloem (Fig. 24). 
These are strengthening cells and are known as Bclerencliyma. 
Tliey are greatly elongated in the longitudinal direction of the 


FiCr. 30. Section, of a vertical leaf of Euca- 
. ■ w 

lyptus, showing a palisade layer on each side. 

(xm) 
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mklrih. Their position Just exterior lo the liiiiowulled phloem 
affords lueeliaiiieal to the lal ttu*. 

■ ¥eiiis. The stn:mtin*e...of large veins is simiiai* to thm of 
a midrib. The complexity', r>f the sirueture dt‘mvases with iho 
ske of the 'veins mitih near their ends, sma.ll veins e'omsist of 
only ,o,ne or a, few conducting cells (_Fig. -7 ). The cudls of the 
chlorcmchyma are usually arranged so that ihe eondueiion <n' jua- 
terials to and .from the 'veins is facilituteil ( Fig. In Mg, 'Jh 



larity in struet|n*e of* the two sides of a vcfrtieal leaf, (x 2s5) 

. :.*l ' ' ' 


are shown the arrangement of tlie netted veins and tlie free 
ends of the veinlets in a small portion of a rlieotyledfmous h/uf. 

Vertical leaves* The leaves of many species of 
instead of spreading out horizontally, hang <lo\vn vertically. 
Both surfaces of the leaf, therefore, receive ilireet sunlight, am,h 
in keeping with this fact, palisade chhaxmehyma is devtduped 
on both sides, as sliown in Fig. 30. 

The erect leaves of griusses are vc^ry eiheieut mid infcri-sting 
types of photosyiithetic organs. When grasses grow close to- 
gether, the erect position of the loaves allows liglit to pass 
between them and to illuminate a large amount of surface. 
Moreover, both surfaces usually receive direct sunlight. I'he 
morphologically upper and lower halves therefore have similar 
functions, and the structure is likewise similar. In this tjije (jf 
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leaf the pliotosyiithetic cells are. situated around tlie parallel 
veins (Fig, 31), an arrangement which facilitates the removal 
of food products. 

HYDEATIOISr 

We have seen that a large part of the stiffness of leaves is 
due to water contained in their cells. The forces tliat liold 
water within the cell walls are not in the walls themselves but 
ill the cell contents. The cell walls are very permeable to water; 
that is, water can pass through them very readily. If there were 
no forces in the cell contents to hold the water, the water would 
leak out through the walls. The term hydration may be used 
to denote the absorption and holding of water, without regard 
to the manner in which this is accomplished. The hydration of 
the cell contents is, then, the absorption and holdmg of water 
by the cell contents. This is due to two forces: the hydration 
of colloids in the cell and osmotic pressure. 

Hydration of colloids. In the discussion of the colloidal nature 
of protoplasm, in the chapter on the cell, it w^as pointed out 
that many colloids are capable of hydration (that is, of absorb- 
ing and holding water) and that protoplasm contains hydrated 
colloidal particles. Protoplasm is capable of absorbing and re- 
taining large quantities of water. When protoplasm absorbs 
water, it tends to swell and stretch the cell wall and thus give 
rigidity to the cell. 

Osmotic pressure. When a substance is in solution, the dis- 
solved substance tends to become equally distributed or diffused 
throughout the liquid (solvent) in which it is dissolved. This 
can ])e illustrated by the following example : If a small quan- 
tity of sugar is placed at the bottom of a vessel containing 
water, the sugar will go into solution and, even if there is no 
movement of tlie water, will become diffused throiigliout the 
water so that all of the water will have a sweet taste. Difftision 
is very important in plant physiology, for by this means sub- 
stances in solution in one part of a plant are frequently carried 
to other parts. 
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Tlie force exerted by diffusion is called Tliis 

force may be deiiioiistratel by ilie use of a* sctfripenuoablo Jiieiii- 
brane. A mnipenncffMie inenifiraio* is a {iaaiibraiH* tlirou^ab uhich 
tile solvent can diffuse readily, ])iit tliruui(li. whirh ai, least, sona^ 
of the sul)sianees wiiicli may be in. s«dminn c-annea. pass reud.dy, 
if at all (food exainples of SiendpeniH naanbranes are ajii- 
nml bladders and the thui inenibraia'! arnimd 
the wl'iite of an c.!npg'. Wdicii tua;) sc^iiiti^ons of 
unequal eoneeiitnit inn are separated by a smii- 
permeable raeinl )nine, < i i fTusii m. ■ still: tends . to " 
produce an ecpial distj’iburion of,;the <iissoived, 
subsiamn tliroughfiut tbc? snivent, , and tliis 
Kisults in the diffusion llie solvent :fro:m. the 
less concentrated to the umre. 
tioii. The s<»]venl from the h^ss (*nik'entrat(‘cl 
solution acx'urnulates in the .more eo:!:iceiitrated, 
solution and dilutes it, ami the teiid,eney is for 
this process to continue until the two sol'Utiof:is 
have the same concern trat/uun 

The operation (if a scniiiperiricnibkerrietiiibiTin 
can Ix^ iilustraicfd in the tdiJcn'ving , :manru 
When a dilute solution uf sugar ,i:n water .is 
separated by a semipermcable meml.>nimi fnan 
a more eoiuient rated solutirai of sugar in' wate.r,. „ 
and the seiiii})ermeable liunnbrari.e is sucli that 
water can pass thonigh it n^adily while sugar 
cannot, the water from the dilute seiutinu \\i!i 
diffuse into the concentrated solution, the temleiH-y !)tmig for 
this diffusion to continue until the solutious on both sides uf the 
membrane are of equal conceuiratiom Tlu* (qKU'atien of osnmtie 
pressure tbrough a semipermcable jnem]>ram? may 1 h‘ expresse<l 
in general by saying that if two solutions are .s(‘pa.ratcd by a 
semipermeable membrane, the solvent from the less ('.oucentrated 
solution will tend to accumulate in the more ttoueeniraled unci 
until the two solutions have the same molecular eoncentralimn 
Diffusion through a semipermeable membrane is called 



Fig. 32. Appara- 
tus for deiuonstrat- 
ing osmosis 
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The above experiment can be performed very easily 
thistle tube and a piece of parchment paper, which is a semh 
permeable membrane (Fig. 32). The paper is tied tightly over 
the iaige mouth of^^^ bulb, the tube is inverted, and the bulb 
is filled with a sugar solution. The tube is now set in a dish of 
water with the tube end uppermost and the bulb about three- 
fourths immersed in the water. The sugar solution will absorb 

water and gradually rise in the tube. 

Osmosis in plant cells. The outer layer of the protoplasm of 
a plant cell is somewhat modified and is known as the plasma 
membrane. This acts as a semipermeable 
membrane around the cell, while the pro- 
toplasm as a whole is a semipermeable 
membrane around the vacuole. These 
membranes are of such a nature that water 
passes through them readily, while some 
of the substances which are in solution 
pass less^readily and some not at all. The 
solution in living cells is highly concen- 
trated and is connected by means of the 
conducting tubes in the xylein with the 
roots, and through these with the water 
in the soil ; this water is a dilute solution 
of mineral salts. By the forces of osmo- 
sis and liydration of colloids this water 
is drawn into the plant cells until the cell walls become stretched 
by the water. Cells that are thus stretched are said to be tnrgidy 
and the force of the stretching is Gdll^dL iurgidity, This turgidity 
gives considerable strength to the cells, as explained on page 84, 
just as a soft hose becomes hard when filled with water, or a 
bicycle tire extremely rigid when filled with air under pressure. 

If a cell is placed in a concentrated solution of sugar or of a 
mineral salt, this solution will pass through the cell wall and will 
draw water from the protoplasm. The removal of the water 
decreases the size of the cell contents so that the protoplasm is 
drawn away from the cell wall, as shown in Fig. 33. A cell in 
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tliis coiiditioE is said. to be piMmnd'ped. If i!ie pla.siuolv'siH lia,s 
nob gone far, the removal of the (‘oiit'emrated soluiiuu und 
its I'epku'eiuent b}” a weak solution will allow ihe ('ell (‘ontrnts 
to abscjrl) water and resume their orio-iiiaJ disf rilnitio!!. Wlaai 
fresh-water plants or the roots of laiad plants are p!aee(| in sail 
water, they arc. killed by plasmolysis. 

Water may pass from eel] to cell In means of osinotit^ pn'ssure 
or the hydration of colloids. When a. cell wlneh is ex|)os(‘d to 
the air is losiin^ water, the concentration (#f tin* dissolved side 
stances in it is increased, so that it tends to draw water from a, 
neiglilxahig cell Tldseellin turn may draw wau*r from anoilaa* 
cell In this way water may be drawn from eel! !<» (tell until tla.^ 
source of sup[)ly is reached. 

A. semJpermeable triembraiie may be of such a nalun* that stnnc 
dissolved substances will pass throu^di it naidihs whih* otluo's 
will do so slowly or not at all Some dissolved substances pass 
more readily than others through the semiperincalde membranes 
of plant cells. 

ITIOTOSYNTimSIS 

Definition. Photosjuithesis isjthe f orjnat of su^ir from carbon 
dio3dde and waJ5*luTiJie px’c'i^ence pf it takes jdace only 

whe^thei;^i8 cl^>iT)£hyll, . ite cddoroi xiaKfcids. 

Source of materials. The water used in photosynthesis is ab- 
sorbed by the plant roots and then carried to iht* ](^aves» Tin? car- 
bon dioxide diffuses from the atmosphere thrmigh the stomata 
and then through the intercellular spa(jes. ('’arbon dioxide <?an- 
not enter the cells as a gas, but water from the ctflLs permeates 
the cell walls of tlie chlorencliyma, and the carbon dioxide gas 
goes into solution in this water. As the wat(jr in tlie walls is 
continuous with that in the cells, the carbon dioxide in sohition 
in the cell walls diffuses into the cells and finally reaches the 
chloroplastids. 

Process. Photosynthesis is a very complex process concerning 
the details of which we have very little actual information. The 
first stable product seems to be some form of sugar. Tlie various 
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sugars have complex molecules, however, and it would not seem 
probable that one of tliern is the first eompound formed. Various 
intermediate compounds are postulated by different theories, but 
none of these theories is supported by sufficient evidence to 
warrant its acceptance at the present time. As the result of the 
photosynthetic process, glucose (grape sugar), which has the 
formula CgH^^Og, accumulates in the leaf, and this is generally 
regarded as the first stable product. 

If we regard glucose as the end product of photosynthesis, 
the formula for this process may be written as follows: 

6CO, + 6H^O— 

This formula shows not only that glucose is formed in photo- 
syntliesis, but also that oxygen is liberated as a by-product. 
Moreover, the formula indicates that the number of molecules 
of oxygen liberated is the same as the number of molecules of 
carbon dioxide absorbed. This is approximately wdiat has been 
observed in actual experiments. 

The water and carbon dioxide that enter the reaction are very 
stable compounds, and the liberation of the oxygen requires 
energy. This energy is supplied by light, which accounts for 
the necessity of light for photosynthesis. Light by itself does 
not, however, decompose carbon dioxide or water, so that the 
plant must have some means of applying the energy of light 
for this decomposition. The application of the energy of light for 
the separation of oxygen from carbon dioxide and water appears 
to be the function of the chlorophyll. 

In nature the liglit used in photosynthesis comes from the sun, 
but light from other sources can also be used. 

Chlorophyll is formed in flowering plants only in the presence 
of sunlight. This explains why the inside of the head of a cab- 
bage is white; it also explains the practice of banking celery 
in order to blanch it. 

Products. The sugar manufactured by plants serves them 
as food, from which, with the addition of materials from the 
soil, they elaborate all the complex substances found in them. 
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As photosynthesis is necessary' for the of all I he 

food ' used by plants, it is. indisperisable fra* tJaar (^xistcuioe. 

' Some of the oxygmi liberated in phfjK^synt’hosi^ is nsod by iho 
plants in, resp.iration, but .most of it' dilTusos out uf thf- rolls intn 
the mtercellular spaces and then ihrniigh ihr siomaia inio thr 
external atmospliere. 

When photosynthesis is active, sngnr is formed nirirh hiso^r 
than it is used by the leaf or conveyed to other pans of the 
plant. Under these conditions inneh of the sugar in tin* Laf is 
transformed mtx} starelk is insoluble in \s alei* at ordinary 

temperatures. At nigiit, starelj is ffhanged baek int?) sugar and 
is conducted away from tlie Uaif. 

vStarch and sugars belong to a class of (sunpounds eo!npose<! 
of carbon, bydrogen, and oxygen, and calhsl d'his 

name was oi%inaliy given to vegetabh.^ comptainds tiic* mole- 
cules of which contain vsix, or a multiple of six, atoms of ea.rlKau 
and ill which the hydrogen and oxygen iHsair in the same propra*- 
tion as in water. While the more imponant curhi hydrates ha\’e 
tliese cliaraeteristics, tlie roeaning of the term has bt?en extended 
to include some related compounds ^vliicli do not lit tlie alirn'e 
definition. The most important carbohydrates in plants an^ sugars, 
starch, and cellulose. Starch is one of primnpal forms in 
winch food is stored in plants. It occurs us smull grains wliieh 
differ in appearance according to the specitss ( Fig. :14 ). Many of 
them vshow striatious, owing to tlie dc|>osit ion of succt^ssive layers. 

The amount of sugar formed by phoUfsyiith<»,sis dt‘pc*nds upon 
the intemsity of the light, more sugar b(ung bmaed in l>rlght * 
than in diffused light. Many plants will not grow under the 
shade of others, be<3ause when in dense shade they cam^ot manu- 
facture sufficient sugar to keep them alive. Via* this reasfin it is 
not advisable to grow crop plants too close together, as tlH,*y 
then shade each other, with the result tlrat the pliinls are not as 
vigorous as they should be. 

On the same plant the leaves which are fully exposed to tlie 
smi are thicker than those grown in the shade. This difference 
in thickness is of advantage, because when the light is strung 
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Fig. 34, Starch grains 


Upper row, potato and sago ; second row, wheat, rice, and corn ; third row, 
bean and Maranta. (x 290) 


sufficient light for photosynthesis will penetrate through a 
thicker layer of tissue than would be the case if the light were 
weak. Fig. 35 shows sections of two leaves from the same plant. 
The one on the right was fully exposed to the sun, while the 
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that all parts of tile leaf have a plentiful supply of air) and 
tlieii testing for starch. The leaf or the part of the leaf which 
was in the dark will remain white, wliile that wHch was in the 
light will turn blue (Fig. 36). 

The necessity for chlorophyll is shown by the fact that 
starch is not formed in those parts of variegated leaves which 
lack ehlorophylL 

Leaves will not produce starch in an at- 
mosphere that lacks carboii dioxide. If a plant 
is placed in an atmosphere containing a known 
quantity of carbon dioxide, it will be found 
that carbon dioxide is absorbed and that the 
carbon appears in the leaf in the carBohy- 
drates formed as a result of photosynthesis. 

That water is used in photosynthesis is 
- shown by the fact that the carbohydrates 
produced by this process contain hydrogen, 
which must have been derived from water. Fig. 36. A leaf 

That oxygen is given off in photosynthesis tested with iodine 
can be shown very simply by the use of certain for starch after the 
water plants which during photosynthesis give showing as a 

off bubbles of gas. This can be -collected by the 
arrangement shown in Fig. 37. If a glowing circle 

splinter is inserted into the gas, the brightness to the light and the 
of the glow is greatly increased, thus indieat- remainder kept in 
ing a high percentage of oxygen. the dark 

Relation to animals. Photosynthesis is the 
source of all the food of animals. Animals do not possess the 



power of manufacturing food from simple inorganic compounds, 
but must obtain food that has already been elaborated. . 

In respiration, animals take up oxygen and give off carbon 


dioxide, so that if there were no plants to separate oxygen 
from carbon dioxide, the supply of oxygen would be used up 
and animals cease to exist. 

From what has been said it will be seen that, indirectly, pho- 
tosynthesis furnishes man with the food he eats and the oxygen 
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he breathes, and that it is also the soiirr^e of his clothing and 
so.cli of his other necessities as come from jilants and animals. 

Energy. In photosynthesis, eneigy (Ifirived from light is 
used in the liberation of oxygen. It is a fumlamentaJ 
in physics that energy is not dcstroy(‘<l, hut lliat <aie form of 
energy may be changed to anotlicr, as whcji electricily is trans- 

fornual into hrait. l.liu cmergy 
from then light 'that, iS'' used', 
in .pliotosyiitliesis is tiinrofore 
not destroyed biit^ is stored in 
the resulting prodm.’ts as poUan 
tial energy. Ali that is maa^s- 
sary to' release this, energy; is.' to 
combine the co.r.n pounds ' ■ result- 
ing' f'roi.ri pl,iotosyn,tl.iesis ,'witli, 
tl'ie amount of oxygen 'tliat was^ 
liberated' in. plic^tosyritliesis, and. 
thus' cliange tliem, back into car- 
bon. , dio'xide' and wate,.r. . We, 
may say, in general, tliat energy, 
is used ill' separating, 'O'xy gen 
from .carbon '.or Iiy'drog'Sii,. ■ anti 
liberated in comMn.ing,"'0'X,yge,ii 
wi.th,. carbon or ■ ,i)ydroge,ii. '■ ■ T',he .'' 
eo,m}:>ining, 'Of oxygen" 'wit'^li ..an-' 
.other ■siibs.taiice, '.is' known' as' 
oxidation. 

When we burn wood to produce heat or light, we make use 
of the fact that energy is liberated in oxidation. Wood is com- 
posed largely of compounds containing carbon and hydrogen. 
The burning of the wood is the oxidation of these compounds, 
with the production of carbon dioxide and water and the liber- 
ation of energy in the form of heat and light. Tlie energy that 
is released is the energy that was derived from sunlight and 
stored in the process of photosynthesis. Coal consists of the 
remains of plants, and the burning of coal releases energy 



Fin. 87, Apparatus for collecting the 
hubbies of gas given oft* by a sub- 
merged plant during photosynthesis 
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derived from sunlight and stored by plants in past geological 
ages. Oil is derived from plants or animals or their remains, and 
the energy released in the combustion of oil is also the stored 
energy of sunlight. We thus see that all of the energy obtained 
by combustion and used for industrial purposes is the energy 
of sunlight stored by plants in the process of photosynthesis. 

Plants and animals use their food not only as building 
materials out of which their tissues are constructed, but also 
as a source of energy. This energy, like that obtained by 
burning wood or coal, is liberated by oxidation. 

EESPIRATION 

Definition. The oxidation by plants or animals of compounds 
containing carbon and hydrogen to carbon dioxide and water, 
with the liberation of energy, is known as respiration. 

Importance. The value of the process lies in the fact that it 
releases the energy of sunlight which was stored by the leaves 
in photosynthesis, so that this energy may be used for the 
vital activities of the plant. 

All work requires energy. Moreover, the energy must be in 
a form suitable for the performance of the particular kind of 
work to be done. In the flowing of water in a large waterfall 
a tremendous amount of energy is expended. This energy can 
be used for cooking or illuminating, but in order that this may 
be done the form of the energy must be changed to heat or light. 

In the activities of a plant, work is performed, and, like all 
other work, this requires energy. The green parts of plants 
use the energy of sunlight for photosynthesis, but energy as it 
occurs in light is not in a form that can be used for such vital 
processes as growth, movement, etc. It becomes converted into 
suitable form for these processes, however, when, after being 
stored in photosynthesis, it is released by respiration. 

In this way, not only is the energy of sunlight changed to a 
form in which it can be used for the general vital activities of 
the plant, but, moreover, any excess which is stored in the 
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;| ' . products of photosyiitliesis uiul not iicc-dtHl al ihc tiuu; nuiy i)e 

j ; conserved for use when it is re<purod. 

, Process. Respiration is not a part its ilur iunction ot any pi 

I ' organ but is carried on by all living cells. In this pmeess, n 

gen is combined with compounds containing caibon and hydin- 
gen. This results in the breaking down of the conipounds to 
I i , form cai-bon dioxide and water, and in the librn-a-tion of energy. 


If sugar is the compound that is being oxidized, we may 



write the formula for res[)iration. as lollops: 

Cdi, A + h o,. — s- fi < '< >„ + d n.< ). 

If we compare the above foniitila with that previously 
for photosynthesis, we fiiul that one is tlie reverses of tlie oiIg r, 
which is ill keeping with the fact that jihotosynthesis stores 
energy, while respiration releases it. 

Source of oxygen. In leaves that are carrying on. photosyn- 
thesis, oxygen which is liberated l>y this piroeess is used in res- 
piration. li photosynthesis is rapid, however, morcj oxygen is 
liberated than is used in respiration, and the exeess dilTiis^es 
from the cells into the intercellular spaces ainl thence intf) the 
external atmosphere. This is the case under oi’diiuiry conditions 
in bright light. 

Plant organs, such as petals and roots, which do not contain 
chlorophyll obtain oxygen from the air. Tlie same is true of 
leaves when they are in the dark and so are not lilierating oxygen 
by means of photosynthesis. In this case oxygen in tlie inter- 
cellular spaces goes into solution in the water lield in the" ci/!l 
wall. It then diffuses in this water until it (3nters the proto- 
plasm, where it can be used for respiration. 

Fate of products. The water produced by respiration mixes 
with the water of the cell. 

In the case of organs without chlorophyll or of gnum organs in 
the dark the carbon dioxide diffuses out of the cell into the sur- 
rounding atmosphere. In green tissues which are actively carry- 
ing on photosynthesis most of the carbon dioxide will be used in 
photosynthesis without leaving the cell in which it is produced. 
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From the above it will be seen that when a plant organ, 
from lack of chlorophyll or light, is not carrying on photosyn- 
' ^ >^is, it will, owing to respiration, absorb oxygen and give off 

j>on dioxide. When photosynthesis is active in green tissues, 
more oxygen is liberated by photosynthesis than is used in res- 
piration, and more carbon dioxide is employed in photosynthe- 
sis than is produced by respiration, with the result that these 
tissues will absorb carbon dioxide and give 
off oxygen. 

Whether leaves in light give off carbon 
dioxide or oxygen will naturally depend on 
whether more carbon dioxide is produced by 
respiration or is used in photosynthesis. With 
very feeble light the respiration of leaves 
may produce more carbon dioxide than is 
used in photosynthesis, and so the leaves 
absorb oxygen and give off carbon dioxide 
even when they are performing photosynthe- 
sis slowly. On an average day, however, the 
products of photosynthesis must be built up 
in the green tissues much more rapidly than 
they are broken down by respiration. A sur- Method of 

plus must be accumulated to supply mate- demonstrating res- 
rial for the respiration of the organs lacking piration of seed 
chlorophyll, and also for the respiration of 
the green tissues themselves at night. In addition, building 
material must be produced for the growth of the plant body. 

Demonstration. If germinating seeds are inclosed in a vessel 
containing ordinary air, it will be found that the oxygen is ab- 
sorbed and replaced by carbon dioxide. The same phenomenon 
can be shown by using green plants if they are kept in the dark. 

A very simple method of demonstrating the exchange of gases 
ill respiration is that shown in Fig. 38. A few germinating seeds 
are placed in the bottom of a test tube and held in place by a 
small amount of cotton. The test tube is then inverted over a 
solution of potassium hydroxide. The carbon dioxide that is 
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givm .off by the seeds . is absorber! l>y tiie solutio!:t, that as 
oxygen is taken up ..the solution rises m tla^ tube. This e.xj)ini» 
nieiit c;an be checked by placing gcnuiiuiiing seeds in another 
tube and inverting, the tube over mercury, which does not absorb 



carbon dioxide. The mercury will not rise h\ tla^ tube, because 
the oxygen that is taken up l)y tlie st*eds is rephn't-d ly eurhon 
^ dioxide, and, as the latter is nt>i ahsorbetl by 

liime.' of: .gas is iiot"d..e- 


the riiereiiry 

creased. A green leaf can be used in place of 
the seeds in tliis demonstration if iiie prep- 
aration is kept in the dark. 

Heat is ])rodueed by respiration, Tliis caiii 
be demonstrate<! by tlu^ arrangemeiii shown in 
Fig. ^19, A vacuum ilask is partially filled with 
germinating seeds. vial ('ontaiiiirig potas- 
siiiin hytlroxide is also pla(*ed in the fiask to 
absorb cajdani dioxirle. A thcnnomete.r is then 
inserted through the monlli sf) that the bulb is 
^ among the setals. The mouth is now .plugged 
I j with cotton, which allows air to (‘nter tlie flask. 

fj The heat produced by respiniticnryeaiises the'' 
mercury to rise in the UunuiioTnedeiv This ex- 
periment should be cb(Mdved.'J:)y setting 
preparation similar to the one just ch,‘scribed 
except that the germinating seeds, are' replaced: 
by dead ones. In llic latter ease the tlauanom- 
eter will not show a rise in temperatun*. 

Respiration in plants and animals. Respiration is fundamen- 
tally the same process in-both plants and animals, and consists 
essentially in the liberation of energy by the oxidation of un- 
pounds containing carbon and hydrogen. The methods by wliicdi 
oxygen enters the body and carbon dioxide leaves it very 
different in the higher groups of the two kingdoms. I'hese 
processes, however, are only incidental to the fundamental une 
of oxidation. Also, the methods by which the materials to be 
oxidized are obtained are very different in green plants and in 


F I o .89. Apparatus 
fur demonstrating 
liberation of heat 
in respiration 
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" animals. The plants themselves manufacture these materials, 
while animals must obtain them, either directly or indirectly, from 
plants. These processes are, however, not a part of respiration. 

Respiration is equally essential in plants and animals, as it is 
the source of energy for vital activities. When respiration ceases, 
there is no further supply of energy for these activities, and death 
• ensues. . ' ' , ' , . 

Oxygen supply. Since respiration is a process of oxidation, a 
plentiful supply of oxygen is one of the prerequisites for normal 
respiration. If the supply of oxygen is inadequate, respiration 
will be checked, and this will limit the rate of vital activities, 
such as growth, which are dependent on the energy liberated 
by respiration. 

Plants will live for a time in an atmosphere that does not con- 
tain oxygen. In this case energy is obtained by a process known 
as anaerohie ox intramolecular respiration* In anaerobic respira- 
tion, energy is liberated by the incomplete breaking down of 
carbohydrates. Carbon dioxide and, usually, alcohol are pro- 
duced. Anaerobic respiration is less efficient than normal res- 
piration. Much more material is broken down, and, as a rule, 
much less carbon dioxide is produced. 

Sufficient oxygen is available for the aerial parts of plants, 
but this is not always true of roots and seeds in the ground. 
The soil should be porous and should contain air in the spaces 
between the particles. If there is so much water in the soil that 
it interferes with the diffusion of sufficient oxygen to the roots, 
the growth of the latter will be retarded. For this reason soil 
should be well drained. The roots of plants may be killed if the 
ground is flooded for a considerable length of time. The same 
thing may result if the level of the ground around a tree is raised 
until the roots are buried so deeply that sufficient. oxygen does 
not reach them. Seeds respire actively during germination, and 
so will not germmate without a sufficient supply of oxygen. 

Plants that are partially submerged in water usually contain 
special aerating devices to facilitate the diffusion of oxygen from 
the air to their submerged organs (Figs. 197, 516, 517). The 
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petitile of a water lily ebntains eoiLspieiiou.s air spaees ( 40 ), 

tbrougli wliich ox;ygeu diffuses from tla^ L^af lOaOui towa,rd ilu* 
parts of the plant in the soil. 

Temperature. Under ordinary conditions tlu! ndo of ri*splra- 
tioii increases with the temperature. Tin* rate is \ (*ry lew at 
0*^0. and high at 80"^ C. This is one of the reasons why fruits 



Fio. 40. Cross section of a petiole <^f «a water lily {Nfftnphtm HfvUata), 
showing large air passages, (x JJO) 

and vegetables keep better in cold storage than at high temper- 
atures. The low temperature inhibits not only tlie respiration 
of fruits in storage but also the respiration and grow^tli decay- 
producing organisms. 

TRANSFIRAllON 

, 

,/■' Definition. Transpiration is the evaporation of water from 
plants, the water passing in the form of water vapor into tlie 
surrounding atmosphere. ,, ,,- 

Process. W e have seen that water permeates the walls of the 
chlorenchpna cells, so that the surfaces of tlie walls surround- 
ing the intercellular spaces are wet, and that this condition is 
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necessary for the entrance of carbon dioxide into the cells. Since 
the wet surfaces of the cells are in contact with the air in the 
intercellular spaces, some of the water in the walls vaporizes and 
diffuses into this air, just as the water from wet clothes goes 
into the surrounding atmosphere while the clothes are drying. 
The accumulation of water vapor in the air in the intercellular 
spaces makes the water content of this 
air greater than that of the atmosphere 
surrounding the leaf, so that water 
vapor diffuses out through the stomata 
into the external atmosphere. The dif- 
fusion of water vapor from the intercel- 
lular spaces into the atmosphere tends 
to reduce the water content of the air in 
the intercellnlar spaces, and thuscauses 
additional water to leave the cell walls 
and enter the intercellular spaces. The 
passage of water from the cell walls 
into the intercellular spaces, and then 
out through the stomata into the ex- 
ternal atmosphere, is thus continuous 
as long as the cell walls are wet and 
the stomata are open. Since those con- 
ditions are necessary for the absorption 
„ , .. . , 1 • onstratmg the loss or water 

of carbon dioxide for photosynthesis, traD.spiratioii 

transpiration is a constant concomitant 

of photosynthesis. In other words, the conditions that are nec- 
essary for photosynthesis make transpiration unavoidable. Tran- 
spiration is, strictly speaking, not a process of the plant itself but 
the result of the action of external conditions on the plant. 

Some water is lost from the epidermal cells. This is known 
as mticular transpiration. The amount of water given off in this 
manner is, however, small as compared with that which diff’uses 
out of the stomata. 

Demonstration. That water is lost by transpiration can be dem- 
onstrated by the arrangement shown in Fig. 41. A branch is 
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attached, . by means of a rubber tube, to a burette eo!iiaiiun|T 
water. The branch is then placed inside a bell jar, \r\m\ same 
of the water that is transpired will condrsist.^ on the si<ies f*f ihi^ 
jar. A potted plant may be used in place of tha l,)raneh. This 
experiiiieiit can be checked by settinf( up a siiniiar preparation 
with a dead, (.fry branch substituted For the hi t.his 

case no water will collec;t on the sides 
of the bell jar. 

The amount of transpiration: can be 

roughly detenniued. in the uiamu*r sliowu 
in Fig. 42. A. branch is. attached, ,t)y 
means of a rubber tube, to a burette, 
containing water. As. tr.a.inspiratictri/ coii- 
tinues water is alisorbed f.rom the, burette, 
the amount Ixnng sliowii by the change 
in the height of the water i.ii tlie burette. 
This method is inaccurate, as it mea.su,res 
the amount of water absorbed rather tha.n 
that given off, and, moreover, th.e t.raii- 
spiration of a severed branch is f.rec{iie..!itly 
very different from that of a 4.>raneli . o,ri ' 
the plant. A more accurate ■' method 'of 
measuring transpiration , is,' by weighing. ■■ 
A potted plant can be used ibr, this pur- 
pose. Tim pot and soil siiould be sealed 
in a waterproof covering so that water 
can evaporate only from the plant itself. The rate of transpira- 
tion can then be determined by weighing the preparation at 
definite intervals of time. 

Harmful effects of transpiration. The most conspicuous effect 
of transpiration is the damage that results from excessive loss 
of water. If water is lost in transpiration faster than it is sup- 
plied from the roots, the leaves wilt ; and if the excess of loss 
over supply continues, the plant will finally die. Even witliout 
actual wilting, the growth of plants may be greatly retarded 
by high rates of transpiration accompanied by a low moistiire 



Fig. 42. Apparatus for 
measuring the amount of 
water absorbed by a tran- 
spiring branch 
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content of the soil. This condition is very evident in many crops 
during long dry seasons. Delicate plants, such as many ferns, 
cannot; grow in dry places, because they lose more water by 
transpiratioii than they can absorb from the soil. The bareness 
of desert regions is due to excessive evaporation and the scarcity 
of water in the soil. If it were not for the high rate of evapora- 
tion, however, there would be enough water in the soil in many 
desert regions to support a fair growth of vegetation at all times. 

Excessive loss of water is one of the greatest dangers to which 
many plants are exposed, and is one of the most frequent causes 
of the death of plants. The harmful effects of excessive tran- 
spiration account for the fact that the leaf is protected by a heavily 
cutinized epidermis and by stomata which close as the result of 
the loss of water. 

Transpiration and temperature. The evaporation of water has 
the effect of cooling the object from which it evaporates, and so 
the transpiration of water from plants tends to reduce their tem- 
perature. This fact explains why living leaves remain relatively 
cool when exposed to intense sunlight, while dry objects, such 
as paper, become hot. If it were not for this cooling effect of 
evaporation, leaves would be overheated on hot, sunny days. 
Animals, like plants, may be benefited by the cooling effect of 
evaporation. The reason why we feel cool when in front of an 
electric fan is that the wind increases the rate of evaporation 
of water from our bodies. 

One danger of high leaf temperature is illustrated by the 
injury known as scalding. On hot days this injury sometimes 
results from the heating effect of intense sunlight following a 
shower which has left a high percentage of moisture in the air. 
The humidity lowers the rate of transpiration, with. the result 
that the leaf becomes overheated. The injurious effects of high 
temperatures are, however, not confined to such conspicuous 
injuries as the one just mentioned. Many physiological processes, 
including growth, are affected by excessive heat. 

Transpiration and mineral matter. When the chlorenchyma 
cells of the leaf lose water through transpiration, the osmotic 
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pressure in them is inereased This increase in oKiiiniie pressure 
results ill the diffusion of water from the xylem of the veins 
to the ehloreiichyma, to. replace the water lost hj traiispimiioii.. 
The xylem is contimious. 1‘rojii the leaf, throiti(h ihe stem, to 
those parts of the roots where water is absorljmh In the xylem 
water moves, not by diftrisiou, l)Ut as n> stt*ad\ stream thnm'^h 
long tubes composed of dead cells, lids stream ol wuier carries 
the dissolved mineral matter along with it to veins of ihe. 
leaf, where both the water and the mineral matter can diffuse 
into the cells of the chlorenchyma. llie movimamt of salts fimm 
the veins into the ehlorenchymu, being by diffusion, is indepeiifh 
ent of the passage of the water hut dependent oti the relative 
eoiicentratiou of the partietilar kind of matter iu the chloren- 
chyma cells and in the veins. I1ie reason why the kimls of 
mineral matter that are used iu- the leaves tiotitinue to diffuse, 
into the chlorencliyma is that in their assimilalitai th(*y are 
combined with other compounds ami are thus duinged to dif- 
ferent substances. When a given substanc'e coinhintvs with an- 
other to form a new compound, the coneeutration of t!ie original 
substance is decreased. Owing to this fiu*t a siibstaiiee whieli 
is in solution in the xylem of veins will continue to diffuse 
into the chlorenchyma as long as it is used by being combined 
with some other compound, llie importance of. transpiration in 
the passage of mineral matter into the leaves is that transpi- 
ration causes a stream of watei' to pass through the xylem and 
that this water carries dissolved material into the veins, wdu;*re 
it can diffuse into the chlorenchyma. 

The rate of the movement of mineral matter into the leaves 
is not necessarily proportional to the rate of transpiration, as 
the movement of dissolved material from the xylem into the 
chlorenchyma is by diffusion and depends on the relative con- 
centration of the particular dissolved material in the tw'-o tissues, 

' while the entrance of dissolved substances into tlie root is also 
by diffusion and depends on the relative concentration in the 
soil and root. Actual experiments indicate that under ordinary 
conditions there is little relation between rates of transpiration 


THE LEAF 


SS' 


and the anioniit of mineral matter in plants. It would appear 
that plants are frequently subjected to higher rates of tran- 
spiration than are necessary for the movement of sufficient 
dissolved material through the xylem. 

While some transpiration would appear to be beneficial, par- 
ticularly to tall plants, because it accelerates the movement of 
dissolved material from the roots to the leaves, there are at least 
many small plants for whose development it would seem to be 
unnecessary, as is shown by the fact that they will grow in an 
atmosphere kept as nearly saturated with water as is possible 
even under experimental conditions. In the absence of tran- 
spiration the movement of dissolved materials can take place 
through the plant slowly by means of diffusion. 

Factors influencing transpiration. The rate of transpiration 
varies greatly with changes in the environment. The factors 
that affect transpiration are the same as those that influence 
the rate of evaporation in general. 

The effects of light, heat, wind, and humidity on ordinary 
evaporation are matters of common knowledge. We know that 
if we put a wet handkerchief in a warm place it will dry much 
more rapidly than it would in a cold place. The drying of the 
handkerchief is, of course, simply the evaporation of water from 
the handkerchief^ We know also that wet clothes will dry more 
rapidly in sunlight than in a dark or shaded place, and, other 
conditions being equal, more rapidly on a windy day than on a 
still day. Likewise they will dry more rapidly on a dry day 
than on a very moist one. 

Transpiration varies with the temperature, because water 
vaporizes more rapidly at high temperatures than at low temper- 
atures, and because warm air absorbs more moisture than cool 
air does. Light increases transpiration, owing to the heat pro- 
duced by the light. Wind increases transpiration in two wmvs. 
Diffusion of water vapor from the stomata tends to saturate the 
atmosphere around the leaves ; wind removes this moist air and 
replaces it by drier air. Wind also, by causing the leaves to shake 
and bend, increases the movement of gases in the intercellular 
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spaces.:' Again, the rate o.f' transpiration Is givatly ini'Iucii('r'<! hy 
the the air, that is, ilie a.nioiint of \v;uer va|Hir in thn 

air. Dry air not only absorbs more nioistun^ than wnt air 
"but absorbs it more rapidly Therefore tiic; rate f>f Ircmspirula'oit 
decreases with rising humidity. 

Control of transpiration. The rate of transpiration is gn^atJy 
influenced not only by externai conditions hut also ’ny tin; 

plants themselves, 'i'his 
is brougl'it a.botife in ■ t'W'o 
general wavs: Iw 

arnf. tiittrjiholufJiiUfi 

whit'll rtisirim or aci'eler- 
ate tlie rate of 'transpira- 
tion, and by 

ehmujeM w'.l iicd;:i cc)ii t.rc)l ttie. 
I'ate teii::ip(>rarilj. 

Restriction of transpi- 
ration. Among tlie st.ruc- 
tural modifications. wfi.i( 3 }i 
may infliienC'e t-he rate of 
transpiration art* the iiuiii- 
!,)er m\A sha3 of th.e', leavits, 
tl'ie tiiickiiessof tlie lea\''es, 
tlie . ■ coi‘'ripa.c't'ness of ' ' ■ tI:io ■ 

■ cd'''ilo:reiichy!iia, tlte '■ 
ber and arrangement of 
the stomata, the thickness 
and cutinization of the epidermal walls, and the ci<jvel(>pmeni 
of trichomes (outgrowths from the epidermal cells). 

Number and size of leaves. Other things being c<)ual tlie 
amoa^it of water transpired by a plant will tend to vary with 
the number and size of its leaves, as the more surface the plant 
has for transpiration the more water it can transpire. It is not 
surprising, therefore, to find that most plants growing in nmist 
regions have a large number of fair-sized leaves. Wheti tlie 
leaves are few in number they are usually large. On the otlier 


Fkj, 4a. liranches of ( 'anuarhin with scale- 
like leaves, (x |) 

The small figure on the right show's a piece 
of a branch with w^iorLs of scalelike lea\es 
at the nodes 
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hand, plants growing in an arid region will usually have few 
and small leaves, so that the rate of transpiration is restricted 
by a reduetion in the transpiring surface. 

Gardeners, when transplanting large plants, very commonly 
reduce the number of leaves, to restrict transpiration. In remov- 
ing a plant from the soil the parts of the roots which absorb 
water are destroyed to a very considerable extent. The plant 
can therefore absorb less water and so has less water for tran- 
spiration, In order to balance this effect it is a usual practice 
to remove a considerable portion 
of its leaves. 

Thickness of leaves. If the 
leaves of a plant are thick, they 
will have a smaller outside area 
per unit of volume than they 
would have if they were thin. 

Therefore thin leaves will tran- 
spire more per unit of volume 
than will thick leaves. In keep- 
ing with this fact we find that 
plants growing in very moist 
places usually have thin leaves, 
while those which are exposed 
to dry conditions have thicker 
leaves. 

Compactness of chlorenchyma. 



Fig. 44. A branch of an Australian 
desert plant, Halcea, with the leaves 
modified as spines, (x J) 

If the cells of chlorenchyma 


are arranged close together, there will be a less free circulation 
of gases inside the leaf than there would be if the cells were 
loosely arranged, with large intercellular spaces; consequently, 
the more the spongy chlorenchyma is replaced by palisade the 
more the rate of transpiration will be restricted. The relative 
development of the palisade and the spongy chlorenchyma cells 
varies greatly under different environmental conditions. In 
very moist places, as in damp, shaded ravines, the spongy chlo- 
renchyma usually occupies a larger portion of the leaf than 
does the palisade, and not infrequently the palisade disappears 
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r ^: .miiiviv ( f'.co. Ji, 

rTT3It;ri^^ dry I hi* !*ovim'S(* 

is tJiB l!i*ro tilt* 

' s|;>c)i ig j id'll c:» r tir'i cliy ii'i a 
"is usually less i;:;orisj:')ics, 
nous than tiio jBilisaihs 
I'l'ierc' may lie 'a 'thin 
laym* of spongy oido- 
ranrhyma msir (hr* 
', lo'we'iv epideru'dsi' or 

tlir luyca* of spongy 

cd''iloimicliyr'i:ia 'may,' be 
^ lic'tween : two. ]ayt*rs o',f 
palisade (Fig* 4o),,i>iict 
,l)elc>w 'the iipfier ,epi- 
H de'imis ami t,lie 4":it'lier 

rvfjWL )^/ . just abo've tlicr lower 
u|>iilerinis ; or, 'agai:i'"i, 
t.he , spongy 

eiitireh 

roplared by palisuilo 

' ■' el:i lc')':i'iU',iei,'iy j'lial;;'' '' ■Xi':d;;i;) 

in liieoJco: 
vcdopment of tie* pali- 
f sadij and tlie spongy 

k cdiloreiudu'maasslKfWii 

Figs. 24 ami 2ih llic* 

Fm.45. Cross section of a l..tf of olcaa.i-r .loveluUHu.nt. 

(Nfinuni) wm\ upper and lower i^aiisiide. Ilirei*- . , , , 

layered upper epidemm, and skuuata in a pit '‘“4 

protected by trichomes. (x 285) Spong\ C'hlm‘t*n(dy mu 

may be suited not only 
to various rates of evaporation but also to various intensities of 
light. In damp ravines the light is usually of low iittensiiy, ami 
in such situations not much light would be likely to t)ass through 
thick layers of tissue. . On the other handy in dry regions tKo 


Fig. 45. Cross section of u leaf of oleander 
(Nfirium) with upper and lower palisade, threi*- 
layered upper epidermis, and stojiiata in a pit 
protected by trichomes. (x 285) 
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atmosphere is likely to be clear and the intensity of light to 
be very great. Under such conditions light sufficient for photo* 
synthesis would penetrate through a much thicker layer of 
tissue than would be the case with plants exposed to lower 
intensities of light. 

Nttmber and' arrangement of stomata.' The rate of transpira- 
tion will naturally vary with the number of stomata. Plants 
growing in moist situations are likely to have more stomata per 
unit of area than those in dry 
regions. Some plants which 
are natives of arid localities 
have stomata that are sunk 
in pits (Figs. 45, 46), while 
some which are found in moist 
regions have their stomata 
raised above the general level 
of the epidermis. More water 
will naturally be transpired 
through exposed than through 
protected stomata. 

Thickness and cutinization 
of epidermal walls. The chief 
function of the epidermis is to 
restrict the amount of tran- 
spiration by means of its thick 
and cutinized outer walls. The amount of transpiration will, 
of eoui'se, decrease as the thickness and the cutinization of the 
wall increase. Plants growing in dry situations have thicker 
epidermal walls than those in moist regions. Even on the same 
plant, leaves exposed to the sun have thicker epidermal walls 
than those in the shade (Fig. 35). Xerophytic plants may have 
not only thick epidermal walls but also an epidermis composed 
of more than one layer of cells (Fig. 45). 


Development of trichomes. Many leaves have hairs on their 
surfaces. These hairs are outgrowths from the epidermal cells 
arid are frequently dead. If such dead hairs are numerous and 




Fig. 46. Cross section of a portion of a 
leaf of a century plant {Agave cmituld)^ 
showing a sunken stoma, (x 170) 
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close together, they will have a ieiuleoey to Uk* Kite 

of transpiration, as-. they tend to iiiiniiaizi* the of the 

inoveinent of air near the stoinata. 

Hereditary and acquired modifications of structure* The eluiiigc^s 
in structure which restrict or aci'chunt^* tli<‘ raK* of transpirutioij 
are of two general classes: tliose thauges wiiieli are tharael eris- 
tic of a species and are he.reditaiT, and, those w'hieh are at'qnired 
by individual plants or leaves in respunse to ifje ecaidition und'.-r 
which they are grown. 

Acquired modifications. Even on the same plant sstint* lea.ves 
maybe more exposed than others t<i the eilerts of evaporation as 
they are not all ecpially exposed to ilut aetit>u of sun and wital. 
We usually find that on the same {datii ilte Itaives tluu, grow 
in the sun are thicker and have mi)re ccfiupuet cithsreiiehyma 
and thicker epidermal walls than those that grow in t.lte shtule 
(Fig. 35). These differences are due to ilitf response of the in- 
dividual leaves to their environment. A pram leal application is 
made of this fact in growing toluu.'co under shadi* in order to 
obtain large, thin, and pliable leaves to be used as idgur wrap- 
pers. While leaves respond, to a certain clegree, in tint ways 
mentioned above, the possible extent of such rt*sponse is limiiefL 

Hereditary modifications. Besides the response of individiia^ 
leaves and plants to different environments tlmre are hereditary 
modifications of leaf structure which may ho more^pronouneed 
and which fit plants for different erivircannental conditions, On 
many desert plants the leaves are redin-ed to nuYmmiXiiry struc- 
tures or are modified into spines (Figs. 48, 44, 512). No matter 
under what conditions these plants may be growiu they will not 
develop large leaves. Likewise, delicate fiu*ns will not develop 
leaves which can resist the high rates of evaporation that 
in desert regions. Plants whicli are natives of tla.^ <Iese,rt and 
have very small leaves may, if grown in moist ^^gi<uis, develoj^ 
somewhat larger leaves, but they will never develo{> leav^^s of 
any great size. While environment may have a markiHl inilu- 
enee on leaves, heredity is in general more important than 
environment in determining their size. 
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, Fig. 47, which represents a cross section of a leaf, shows an 
interesting hereditary modification suited to a particular kind 
of environment. The thick, water-storing epidermis helps the 
plant to endure short periods of comparative dryness, while the 
single layer of chloroplastids indicates a shady habitat. 

Effect of evaporation on distribution of plants. In nature we 
find that plants of desert, fairly moist, and very moist regions 
are all specially fitted for the con- 
ditions under which they grow, and 
that the structural modifications 
which fit them for their native local- 
ities are fixed by heredity to such 
an extent that usually they will not 
thrive under conditions that are very 
different from those of their natural 
habitat. The rate of evaporation 
is one of the most important envi- 
ronmental factors for which plants 
are fitted, and the rate of evapora- 
tion determines, to a considerable 
extent, the kinds of plants which 
grow naturally or can be cultivated 
profitably on any given area. If the 
soil is sufficiently irrigated, many 
crop and garden plants which are 
suited to fairly moist conditions can 
be grown successfully in regions that 
are naturally dry; but there are many 

plants which cannot withstand the very high rates of evaporation 
prevailing in arid regions, no matter how much water is in the soil. 
Many desert plants can stand much more moist conditions than 
those under which they normally occur, and can be successfully 
cultivated in moist regions ; but when left to themselves they are 
not able to compete with the vigorous plants of moist areas. 

High rates of evaporation, accompanied by a small percent- 
age of water in the soil, result in an open growth of small 



Fig. 47. Cross section of a leaf 
oi Peperomia pel hicida, a trop- 
ical plant that thrives on shady 
stonewalls 

No.te water-storing upper epi- 
derinis and single layer of cells 
^ with chloroplastids 
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Regulation of transpiration. 
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Fig. 48. Dosert region in Arizona with K^ewi nhun to the h‘ft and 
Pi'Oi>oph relufinn hj the right 

of stomata. There are also some oilier rneans^ such us roiling 
and folding of leaves, wliieh rednee the transpiring surfiiti\ 
Deciduous leaves. Broad-leaved trees which gn^w in regions 
that have either a very cold or a very <Iry season nsnally she<l 
all their leaves during such ptiriods of cidd or of flrougiit. nf 
course the shedding of the leaves greatly n^stricts tratrspirutiotn 
When the weather is very cold, plant roots can altst^rh iiuie 
water from the soil, while if the leaves were exposed to t!a» uin 
they would continue to transpire. This is one of tlie reasons why 
broad-leaved trees in the colder parts of the temperate zcatc* shed 
their leaves at aboxit the beginning of the cold, seastm ( Fig* 4hh ). 

A very similar result ensues when- trees are siibjecietl to a 
long, pronounced dry season. At such times both tlm soil and 
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the air will usually coiitaiii comparatively little moisture, with 
the result that if trees had an extensive leaf area, their roots 
could not absorb enough water to supply that which would be 
lost by transpiration. The shedding of leaves by plants of the 

temperate zone during the au- 
tumn, and by tropical plants 
which grow in regions with 
a pronounced dry season, is 
therefore the result of very 
similar circumstances. In trop- 
ical regions where there is no 
pronounced dry season, plants 
retain then leaves throughout 
the year. 

Wandering Jew {Zehrina 2)enduld), The drying of chlorenchyma 
(X 145) walls. On hot, dry, sunny 

days the leaves of plants may 

lose more water than the roc 
is that the cells, and also the 
than when transpiration is 
naturally lose more water 
than drier ones ; and so, as 
the cell walls become drier, 
less water diffuses from 
them into the intercellular 
spaces. The rate of tran- 
spiration is thus automati- 
cally lowered. 

Opening and closing of sto- Cross section of a stoma and 

mata. A stoma is an opening surrounding cells of Wandering Jew 
between two sausage-shaped (Zehrina pendula). (x 130) 





cells called guard cells. Fig. 

49 shows a view of a partly open stoma, and Fig. 50 a cross 
section through a closed stoma and surrounding cells. The 
guard cells are consH'ucted in such a way that they can move so 
as to open and close the stoma. Stomata are usually closed at 
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riiglit aad open in the day; bni when tint rati* of in'aporaiiufi is 
rapicl, they’ also close during the day* When the gua,iil eells are 
turgid the'' stomata are open, wliile us I he guard ('idls Ium* ilieir 

turgidity the stomata closer 

Mechanism of opening and closing of stomata. To ■iinderstaiel 
how changes in the turgidity of tlie guard I'ldls (*uiise the open- 
ing and closing of the stomata it will he neeesstiry tr) study the 
structure of the guard cells. There are a imitibei’ of i\|)e.s rif 
guard cells, but for simplicity we may eousitler only uhut is 

jU'ohiihly ila* uinsi widely dis.- 
tribiited' one,. 'A. ' transverse 
section through a guard celt 
(Fig. oU ) shows that the wall 
'wliicli'is fartliest/from tl'ic:* sto,-' 
BUital pofii ( florsal 'waJi ) is very 
tJ'iin, , while that ^ wliieli ' Is : next 
■to' the ' pore , (Y'eiitrai wall) is 
Biuch thicker. When the guard 
cells hecoiue turgid llieir walls 
naturally lend to streteh : hut 
the ventral walls, owing to their great thiekimss, streteh nmcdi 
less than do the dorsal walls. The result is that tie* eells hceonu^ 
bent, with the conca^-e side toward the pore. This is the priiud- 
pal cause of the opening of stormita, WIicii the guard etdis lose 
their turgidity they straighten out aiul come logciht*!*, tlms clos- 
ing the stomata. This type of heiiding can be illiisi rated liy 
means of a rubber tube or an elongated toy baliooiu to one siile 
of which adhesive tape has been attaehed. the tuhe is 

inflated it will bend, the side wdiicli ilie adhesive tape lias 
been applied being the concave side (Fig, 52), 

The ventral wall is not uniformly thi(*kemrfL In tla.^ ceiitcr, 
as seen in cross section, it is tltim Away from tlu*. I'lmti*!* it is 
greatly thickened, and along the edges it i>rojecns into the 
stomatal pore. The central part of tlie wall also Ijulges into 
the pore. The stomatal pore is tluis not of uniform <liaimUer, 
but consists of two more or less inclosed chambers which are 



Fig. 01. Combined cross section and 
surface view of a stoma 
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coiiiieeted by ineaiis oi: ,a narrow passage. The fact that the 
veiitial wall is composed' of two thickened ridges connected by 
a tliiii strip lias distinct advantages. These ridges are so' thick 
that they olfci lesistanee to any tendency to stretch them, so 
that when the cell becomes turgid and 
the thin dorsal wall is stretched, the thin 
part of the ventral wall bends and there 
is a tendency for it to be drawn away 
from the center of the stomatal opening, 
thus enlarging that opening. This type 
of movenient can be imitated roughly by 
uieans of two boards fastened together at 
one end by a piece of leather to represent 
the thin part of the ventral wall, and at 
the other end by a rubber band to repre- 
sent the dorsal wall (Fig. 53). If the 
rubber band is stretched, it will be seen 
that the other ends of the boards are drawn 
to it. When the guard cell loses its turgid- 
ity, the dorsal wall contracts and the thin 
part of the ventral wall bulges out, and 
it is this part which closes the stomatal 
passage. It is an advantage to have the 
passage closed by the thin part of the ven- 
tral avails ( Fig. 50), as thin walls can be 
pressed inucli closer together than could 
thictk, rigid ones. 

Factors affecting opening and closing of 
stomata. The guard cells contain well- 
(leveIo|>ed chloroplastids, while these are 
usually not present in the other cells of the epidermis, except 
in some plants that grow in moist, shady situations. During 
the day tlie contents of the guard cells have a high osmotic 
pressure. Consequently, when the surrounding cells are well 
supplied with water, the guard cells draw water from them 
and become turgid, and the stomata open. If, however, the 



Fig. 52 . Apparatus to 
imitate the opening and 
closing of a stoma 

The two large rubber 
tubes with adhesive tape 
on the adjacent sides are 
inflated by means of the 
rubber bulb 
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plant loses more water from its leaves thiui is aOMiriied !,v it„ 
roots, tlie water content of iho cells ef tl,,. leaf, inciiniin^r il,,’, 
guard cells, is lowered and the guard i-ells hef'i.iiic less^aiid 
less turgid. As this process eontiniies the stouiutii ehtsc. 'fhe 
rate of transpiration is regulated to a consideralile extent hv tim 
opening and closing ol stc)nuitti. I ht! elnsing ot stniiiala, (Iocs 
not, however, entirely sti>p tnuispinition. as a, stuiili aiununt of 



Fig. 53. Arraiigenient. to imitate 
the bending of the Ventral \vall..i 
of a .stoma 
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gets warmer* This .increase in the rate of evaporation usually 
continues om bright days until some 'time in the afternoon. As; 
the sun goes down the rate decreases, and the decrease con- 
tinues iiiitil the low night rate is reached. 

If the rate of evaporation is comparatively low during the 
day, the rate of transpiration may follow that of evaporation 
rather closely. But when the rate of evaporation during the day 
increases to a point w^here transpiration is excessive, the rate 
of transpiration is restricted by the movements of the guard 
cells and the drying of the chlorenchyma walls. Thus it fre- 
queiitly happens that while the rate of evaporation continues 
to increase until some time in the afternoon, the highest rate 
of transpiration is reached in the morning. At night the rate 
of transpiration is low, owing to the very low rate of evapora- 
tion and to the closing of the stomata. 

Water content of the leaf. Many leaves contain from 80 to 
90 per cent of water. When, on a dry day, a plant loses more 
water than it absorbs, the water content of the leaves naturally 
diminishes ; thus it very frequently happens that leaves contain 
less water during the middle of the day than during the night. 
In many plants the loss of water goes so far on dry days as to 
cause an actual wilting of the leaf. Not only leaves but other 
parts of plants "frequently contain less water during the day 
than at night. It is for this reason that vegetables have a 
crisper and fresher appearance when picked early in the morn- 
ing Ilian when gathered later in the day. 

The ridation of moisture to number and size of leaves has 
been treated in a previous paragraph. 



SHAPES OF LEAVES 


Whih,^ most leaves have petioles, many do not possess them. 
Leaves without petioles are sessile. The petiole is usually 
athu'lied at the edge of a leaf, but may be attached on the 
lower surface wdthin the margin (Fig. 54). In the latter case 
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Leaves are simple when them is ^ and compound 

when there is mGi% than one^ W the leaflets ol a compound 
leaf are arranged on the side of a common axis the leaf 

is (Fig. 55) and the leaflets are called If the main 

divisions are again once or twice pinnate, the leaf is bipinnate 
(Fig. 56) or tidjyinnate. 

One advantage of compound 
leaves is that they do not offer 
as much.resistance to the winds 
as do entire leaves, and so need 
less strengthening tissue to 
protect them from being torn. 

The huge entire blades of the 
banana (Fig. 57) show an in- 
teresting modification in that 
they are not greatly strength- 
ened but instead have certain 
weak structural lines where 
the leaf can be torn by the wind 
without any particular damage 
to the plant. 

Plants having unbranched 
stems must have large leaves 
if they are to expose an extensive surface to the light. In 
keepino- with this fact we find that large palms and tree ferns 
have enormous leaves. On the other hand, plants with many 
small branches have small leaves. 

The general shape of leaves is related to their arrangement 
on the stem. When leaves are densely crowded they are usually 
linear (long and narrow), and so shade each other much less 
than would broad leaves. When less crowded the leaves are 
more often somewhat oval in outline, and when spread out they 
are apt to approach a circular shape. 

When leaves are lobed, the lobing follows the large veins 
(Fig. 58), so that the photosynthetic tissue is nearer the prmci- 
pal veins than would be the case if the leaves were entire. 



Fig. 58. Lobed leaf of papaya (Carica 
papaya), (x |) 
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[)iu6i.ni<il C6lis of liKKsi plufiiis u"ru\v out,- sit 
[y, ill groups, to ioriu ap|H‘^<!agc^s uhi^-h 
^ known as or hairs, Froqiiot 

the irieliomes los<‘ thoir prtUopjasimV i 
tents and lx'‘o<niie hlltsl with a.ir. ' 
young leaves of many plimis have* 

^ cliomes which are shed as the leaf hef'oi 
older. Cotl(Hj eunsisls of lung uniecdh 
hairs whieli grow from the epidermis 
^ Cotton seeds. 

__ Iriolioines exhibit :i <fi'e;it s'arielv 
form ami vary IVdin .small jiroUiiieraiice.' 
the epidermal celts to complex, brunch 
<tii. .striictisre.s ( Fi^s. dl), it 

Even the simple unbraiiehed hair.s kIk 
great variety. They may he niiieel 
iar, straight or curly, project straight fr» 
he parallel with it. When they lie aguii 
leaf and all point in the same direction? th 
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Fig. 61. Scale of 

Elaeagnus philip- 
pensis. (x 75) 



clifftisioii of water from the leaf into this moist air is less rapid 
than it would be into dry air. When there is free movement of 
air around the leaf, wind will replace the 
moist air with drier air. A dense layer of tri- 
chomes tends to reduce the movement of the 
air and so to lower the rate of transpiration. 

A great development of trichomes, by pro- 
ducing a screen, may also reduce , 
the heating effect of sunlight., 

Hairs are usually most numer- 
ous on the under, or stomata- 
bearing, surface of the leaf. While a dense 
covering of trichomes retards transpiration, the 

hairs of many leaves appear 

to be too scattered to have 
any appreciable effect. 

A covering of hairs, by 
holding a layer of air near 
the leaf, may prevent water 
from reaching and clogging 
the stomata. When a leaf 
with such a coating of tri- 
chomes is submerged in 
water, the layer of air near 
the epidermis glistens with 
a silvery sheen. Although 
submerged, the epidermis may remain dry 
for a considerable length of time. Even 
such short trichomes as those shown in 
Fio*. 35 may be very effective in keeping 
water from the stomata. While trichomes 
may restrict the rate of transpiration, they 
not only do not interfere with the diffusion 
of carbon dioxide into the leaf but may 
actually assist in keeping open a passageway for this diffus^ 
when the stomata might be clogged as the result of ram or dew. 


Fig. 62. Bris- 
tlelike hair of 
cowitch (Mu- 
cuna pruriem'). 

(X 30) 


Fig. 63. Stinging hair 
of a nettle (Laportea 
meyenianct)- (Central 
drawing x 150) 
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Bristlelike hairs. A number of planis possess stiff, sluirn- 
pointed, bnstlelike hairs which readily pcm-tnitc ihi- skin of m-ni 
and produce very disagreeable effects. Sma.. of ih,.s,. hairs latve 

harhliko pri.tiiberaui'cs alung iliair 
.sides (Fig. 62). 1'hese protubei- 
ances iiiereHvse tin* irrihuiiiu’ 
of the trichonie.s. Urisilalik,. hairs 
niay afford protectiiui tfi phuils by 
keeping animai.s fnmi (‘ating ih'c 
leaves, lad comparatively few plants 
have hairs stiff (aioiigli to he very 
cilcctiv'c in this way. 

Stinging hairs. Stinging hairs are 
one of the most interesting types of 
trichomes (Fig. 63). A typical sting- 
ing hair contains a poisonous ]i<nu(l 
and consists of a liasal hnlb-shaped 
portion from wliieh jirojects a stiff’, 
slender, tapering structure that ends 
ill a small knob or a sharp point. 

IS ear the tip there is usually an 
oblique thin place in the wall, so 
that when the body of an animal or 
.some other object is jiressed against 
the tip with sufficient fon-e, the tip 
IS broken off, leaving a shari> point 

that can readily penetrate an uni- 
mal’s skin. The wall of the rounded 
basal portion is distended by the 
if f i. 1 pi’6*ssure of the contained linuid 

oilx S «n!rr ‘'“""ci. « - 

S wm Ifi, S “rr *‘F'“ 

+ 1 ,= „ • 1 ^ * ^ith the poisonous fluid. The nres- 

the a,e hair also help, t„ force the li^^d 


Fig. 64. Glandular hairs 

Left, water hyacinth; second 
hgure, squa.sh ; third figure, to- 
mato ; right, tobacco, (x 200) 
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GlaEdiilar hairs. A great variety of plants have glandular 
hairs (Fig. 64). These secrete oil, resin, or mucilage. A typical 
glandular hair consists of a stalk and an enlarged terminal por- 
tion, which is the gland proper. This may be unicellular or 
multicellular. The strong odors of many plants are due to the 
excretions of glandular hairs. 

SPECIALIZED LEAVES 

The principal function of ordinary foliage leaves is photosyn- 
thesis. Besides the primary function of foliage leaves they also 
perform such functions as respiration and growth, which are 
common to all lir- 
ing plant parts. 

In addition we 
find that many 
leaves are spe- 
cially modified to 
perform functions 
which are not usu- 
ally the princi- 
pal ones of leaves, 
or are modified to 
carry on the prin- 
cipal function in 
an unusual man- 
ner. Such leaves 
may be called 
specialized leaves. 

As examples of 
leaves which per- 
form the primary function of leaves in an unusual manner we 
may mention such leaves as those of oranges and lemons, where 
the petiole has a bladelike structure and is especially fitted for 
photosynthesis (Fig. 65), and the stipules of the garden pea 
(PiBUTYb which are bladelike and have the functions of 




Fig. 65. Leaves showing bladelike petioles 

Left, Philippine grapefruit {CUtus decumana) (xj); 
right. Quassia amara { x -|) 
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a blade (Fig. 69). The .special functions for which soiiut leave, s 
are particularly suited may lie grouped inidcr six headings: 
miiporl (stem fuimtioii), ahHinytion (root fuiiclioti ), iitinutti'in 
imeefs (floral function), rcptodiidion (seed rmietinn), 


Fig. 00, Banana plant, (x 

and protection. These functions may be sii].)sidiary to the ordi- 
nary functions of leaves, or be more important, or even rephuMj 
the usual functions. 

Support (stem function). The primary function of stems is to 
support the aerial parts of the plants. Tina function is performed 
by four special types of leaves: tendrils, which may be modified 
whole leaves or parts of leaves; leaves with hooks; leaves with 


Supporting leaf bases. The leaf bases of the banana and otlier 
similar plants are greatly elongated grow so close together 
as to produce a structure which has an appearance very much 
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like that of an ordinary trunk, and which supports the leaf blades 
and the fruit in much the same way as does a trunk (Fig. 66), 
The main stem is thick and short, with a convex top to which 
the leaf bases are attached. The slender fruiting stalk pushes 
up in the center of the elongated leaf bases and is supported by 
them (Fig. 67). 

In grasses the younger part of the stem has a soft growing 
region just above the attachment of , each leaf. This growing 
region is so soft and weak 
that it could not, by itself, 
support the part of the 
plant above it. The leaf 
base has the form of a 
long, slender tube which 
surrounds and supports 
the stem and enables it to 
bear its load (Fig. 68). 

Tendrils. The climbing 
plants have slender stems 
which do not possess suf- 
ficient strength to hold 
themselves erect. Such 
plants catch on to other 
objects, particularly other 
plants, and thus make use 
of the strength of these other objects to support them. This 
enables them to grow up into the sunlight without expending 
the material which would be necessary to build a strong trunk. 
Tendrils are one of the means by which plants hold on to other 
objects. Tendrils are long, slender structures which curl around 
objects with which they come in contact. They are frequently, 
but by no means always, modified leaves. Any part of a leaf 
may be. modified in this manner. Tendrils may be modified 
whole leaves, petioles (Fig. 69), leaflets as in the garden pea 
QPiHwm mtivimi) (Fig. 69), tips of leaves (Fig. 69), or modified 
stipules (Fig. 69). 



Fig. 67. Cross section of the false trunk of 
the banana plant, showing small flowering 
stalk surrounded by leaf bases. ( x J) 
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Hooks. Some climbing plants liare Icua'cs witii hooks which 
enable them to hold on to other ubjccts. KxcclRnt cx:iunjdes 
are afforded by the climbing palms known as nitta.ns (Fig. 

These luive large, feathery leaves with numm'nus cmacd, sliarp, 
pointed hooks (Fig. 70) whi(;h catch on oljjtn'ls witii w!ii(*h 
they come in contact and. thus support the sH*m and (?imhlc iln' 
plant to climb. Some climbing* plants havc^ siipuiar hooks wliii.’h 

servo ibe same purpose. 

Floats, 'riic Heating 
plants dt^vidnp vmy 
I M \ leuse tissue- witit large 

/ spaees (Fig. 71). 

I ■ \ Sueh tissiUMauihies tht‘ 

A \\|/ \ plant to li^iat on the 

I Ay^ surfaee of the water. 

/ / bulbous petiole of 

i i \ I water hyaednth is 

( / i oeeniiied largely by air 

I f s[)ace.s and presents a 

I \ strikitig case of the de- 

5 \ velopHient of floating 

'■ ^ tissue .(Figs. ,71, 7,2). 

^ Similar tissue is found 

Fkj.OS. Tip of stalk of sugar cane, (x A) blades of float- 

ing leaves (Fig. 5), 

Tlie air spaces in plants serve for aeratitm, that is, the ex- 
change of gases between the cells and the external atmosphere. 
Frequently the large air s[»aces hi aquatic plants are primarily 
useful for this function, as is particularly true of the large air 
tubes which traverse the petioles of water lilies (Fig, 40) and 
by which the oxygen set free in the leaves by photosynthesis is 
allowed to diffuse to the roots. 

Absorption (root function). One of the chief functions of roots 
is to absorb water as well as compounds of nitrogen and other 
elements which plants usually obtain from the vsoil. Most leaves 
are incapable, under ordinary circumstances, of absorbing these 


^ Fig. 69. Leaf tendrils 

Uppe/left, Pisum sativum ; upper right, Clematis smiUteifolia, ; lower left, 
Smilax leueophylla ; lower right, Fki^ellaria Mica. (x. i) 



Fig. 70. Tip of a stem of a rattan palm (Calamus), (x ^\) 


Left, hack of rachis; right, hack of extension of raohis 
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sttbstariees, blit .Taaiiy plants liavu lt'uvf*s wliiib ari‘ t'speriullj 
littecFfor SnOi luavi^s fiill ru?lH‘r naturaJK into 

two (‘lasst‘s: iliosu 

espei* ial ly fi,ttei:i ' for absorbing ■■ 
watei\ and the tFiiiigs .wliieli 
are (:liss<'ilved 'in. it, ' 

and tlu)se that eatfb in^ei-ls 
or ether snml! iudinaJs and 
(obtain iinlrient snbstanees in 
this niaiineo W'e may Sjxaik 
of tht\si‘ two ('lasses of leaves 
as water-absorbing Uaives 
and eai’niviH'ons halves. 

Water-absorbing ■ leaves,* ^ 
The lea'ves ' of Bnl:»iierged 
plants 'are' not (::n.’clii:iarily' 'ex-V" 
posed to evaporation andvclo^ 
not fiave eiitiiiized epidermal..' 
walls* They are surrounded 
by water in which mineral matter is dissolved, aiul so can absorb 
these sul)stances directly. 

M any plants growing in 
dry situations have leaves 
that are provided with ab- 
sorbing hairs. These may 
. be of great advantage to a 
plant by enabling it to ab- 
sorb water from light rains 
which do not wet the soil, 
or even from dew. They 
are of considerable use to 
plants growing in situations 
where for long periods there 
may be dew every night but 
no rain. Dew is condensed on and absorbed by these liairs. 
Some plants have leaves which are especially fitted for collecting 


Fig. 71. Large air .spaces iii bill boiis 
petiole of water hyacinth {Eichkornia 
crasslpes). ( x SO) 


Fig. 72. Water hyacinth (Ekhhornki 
crampen) with petioles modified as II oats. 

(xi) 
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and absorbing water. The bromeliads (plants of the pineapple 
family) furnish excellent examples of absorbing hairs (Fig, 490). 

Carnivorous leaves. There are several 
kinds of leaves which catch insects or other 
small animals. 

The pitcher plants have their leaves modi- 
fied into pitchers in which water collects. 
The best-known pitchers belong to the tem- 
perate zone genus Sarracenia (Fig. 73) and 
the tropical genus Nepenthes (Fig. 74). The 
species of Sarracenia are rosette plants ; that 
is, the leaves arise in a cluster from a very 
short stem. The species 
of Nepenthes are vines 
on which the pitchers 
are borne at the ends 
of long, tendril-like 
leaves. Insects are 
drowned in the water 
in the pitchers. In the 
pitehers of the genus 
Sarracenia the insects 
are decomposed by the 
action of bacteria, while the pitehers of the 
genus Nepenthes excrete a digestive fluid. 

After the insects are decomposed, the prod- 
ucts are absorbed by the leaves. The pitch- 
ers of Nepenthes frequently collect so much 
clear water that it can be used by people 
for drinking. In such cases it would seem 
probable that the leaves not only furnish Pitcher leaf of 

the plants with materials from the bodies Nepenthes, (x 
of the captured insects but also with water. 

The sundews (^Drosera spp.) are small plants which have their 
leaves arranged hi the form of a rosette (Fig. 75). These leaves 
are thickly covered with glands which are borne on slender stalks 
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(Fig. 70). Thene gUituls excrete u Ktieky fluid in which 
become eutangled when tiicy come in cuniad uiili h*ah 

After an insect has been cap- 
,0^ tnred ill tins nianner, the leaf 

incinscs it wliih* tlit“ glands 
c^cn'te a, tliiid whltdi digests 
^ the Insed. Tlu‘ digc>t(Ml nue 

I terial is ilam ubserhed by th(‘ 

leai*. 

llit‘ \d‘nns‘sdlytrap ( Ihln- 
finrisrijnihi ) is alsc a 

E„-.T5. 

1) >stdff bristles. AIecdiani<*Rl con- 

tact with these, brlstltis causes 
the two valves to dose together. When an iustHd alights on 
the blade and brushes against these bristles^ the leaf doses and 


Fio. 75. Drose.rn, a caruivoroua plant. 
(>^ 1 ) 


Fig. 70. Leaves of Drosem. (Redrawn after Darwin) 


thus entraps the insect. The glands on tlie surface of the blade 
then excrete a fluid which digests the insetd, after which tlie 
digested material is absorbed and the leaf opens. 
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Plants of tlie genus Utnmhrhi. of vvlnVIi .,,1 
aquatics, are provicie.l l.la.i.lers that on.r.n'snnt 

... very ™ud. ll.e w»,- 

Thv.se 


(Pig- 78). 
l>i:ul<i(-r.s an- p,-,,. 
viilt-d will, 
wJii,-!, 

llio aninial.s to eii- 

t'T !ui(J then l,a,. 

tlii-ii-(‘.xit ( Fig. ~sj. 
Pmal! (Tu.sUu-caii.s 
may remain, alive' 
i» iiu-so bladders 
IfU' a considerable 
length of time, and 
it is probable that 
-some of the prrxl- 
ucts of their ex- 
creta are absorbed 
by the plant. They 
finally die and are 

deeomi>osed Iry the 

ot bacteria. 
Nite)geni:ais . 
nets, wliich (‘an be 
al)sorbe(.l },)y 
-plants^ 'cire ■ 'tliiis 
liberated. 

.species of 

sonfe fo 4 s there are 
and also structures (Fio- 79) 

which have the aoiarZ “morphologically leaves 

leaflike outgrowths s^d aW ^^mzontal branches and bear 

growths and also ammal-catching bladders. These 


rm. /O. A mneu/mia that lives on a very n.otst 
substratum 

Uaclders and fnnetion as roots, (x 1) ' 
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branchlike leaves serve the purposes of roots, both in anchoring 
the plant and in absorbing water. S - ’ 

There are other forms of carnivorous plants, but those already 
mentioned will give some idea of the diversity of leaf structures 
used in capturing small animals. 

Some carnivorous plants have properties which are usually 
regarded as characteristic of animals. The case of Dionaea is 



Fig. 80. Branch of poinsettia (EupJiorUa pulcherrima). (x i) 


particularly striking. This plant is able to respond to stimuli 
by movement, to excrete a digestive fluid and to digest animals, 
and then to absorb the products of digestion. Such cases serve to 
emphasize the fundamental similarity between animals and plants. 

Attraction of insects (floral function). The principal function 
of white or brightly colored petals is to attract insects or other 
animals which pollinate the flowers. As we shall see later, the 
petals are modified leaves. Aside from petals there are other 
types of leaves which serve to attract insects. In some eases the 
flowers are small, and the function of attracting insects is per- 
formed by large white or brightly colored leaves. These leaves 



A TEXTBOOK OF (iEXKRAL BO'I’AXY 


may have the shape of ordinary foliatfe hjaves and dii'fer from 
them largely in being white or brightly (ioioicd, as in tin* casti 

of the poiiismtia, (Fig. SO). 
In other cases the leaves 
(bracts) have a sliajie very 
different from that of fo- 
liage leaves (Fig. 81). In 
rriaiiy 'cases it is not tlie 
flowers tlieiHselves but 'tiie 
!■)^acts 'that ai’e siio'wy* ■' 
Reprodtictica ''(seed ' Iiiec- ■' 
tion). lla'iiy {liaiits. '■can bee 
prepaoniefl by iucans nf laaf 
; tl'iis .form 'of'prop-; 
agatioii is cx>i:iiinoii]y‘ 'fi'i'ac-. 
ticed in tlia 'case of begonias. 
Some plants 'reiirodiice reg- 
ularly in their wild state liy 
means of leaves. StrikijK^ 
examples are forded l.»y the so-called walking ferns and Iw 
Bnjophyllum. The walking ferns have long leaves the tii)s of 


Fig. 81 . Bright-colored liracts siirroiind- 
ing the small flowers of Hmigahmllm 
spectahilu. (x J) 


Fig. 82. A walking fern {Adianlum muchttum). (x .|) 

( g- -)•_ I lie leaves of Bryophjlhm have small notches In 
their m^gms. When these leaves fall or are removed fromThe 
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Fig. 83. Leaf of life plant {Bryo- 
phyllum pinnatum) producing small 
plants. (X 1) 


parent plant, small plantlets grow from tlie notches (Fig. 83). 
These plantlets send roots into the soil and grow into large plants. 

Storage. Leaves that are spe- 
cialized for storage can be divided 
into three general classes: leaves 
with special water-storage tissue, 
those with special food-storage 
tissue, and those forming pock- 
ets which collect materials from 
which the roots absorb such sub- 
stances as are ordinarily obtained 
from the soil. 

Water storage. Some plants 
which grow in very dry regions 
have leaves that are greatly 
thickened by water-storage tis- 
sue. Such tissue is very promment in the leaves of the century 
plant (Agave spp.). Special water-storage tissue is not confined to 
leaves that are greatly thickened, but also occurs m some which 
have the appearance of ordinary foliage leaves (Figs. 45, 

This is true of such plants as the India rubber tree QFieuselashca'). 

Food storage. Fleshy 
bulbs are composed 
largely of thickened 
leaf bases, as in the 
onion (Fig. 84), or of 
whole leaves, as in 
lilies. In both cases 
the leafy part of the 
bulb serves for the 
storage of food. 

cori?e“mbet of epiphytic tropical 
portion of their leaves, or special leaves, P 

like structures, in which leaves, dust and other ^®bns coUect. The 
roots grow into this debris and absorb materials from it (Fig. 493). 



Fig. 84. Surface and sectional views of onion 
bulb formed of enlarged leaf bases, (x $) 
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Tlie stagliom , fern is a well-known txaiiipie (Fig. Ka). TliLs 
plant has two types of leaves: onliiiarv foHagp leases whirh hang 

ihiwn, and eolleeting 
itnu'ns ■wliicli siir- 
' rcjiincl tlie mass of 
roots. 

■Water collects 'in 
*■ tlie cups formeci liy 

the- overlapping lowm* 
port ions of the lea\a‘S 
of soine . lii'oiiieJiads 
and is ' al:)S(:)rl:)ed l:iy, 
ihelea\es( Fig. IhO ). 

■ Protection, ill; 'tlie 
tip of a growing stem 
there is a soft, grow- 
iiig. region whicli is 
surrcmiicled and pro- 
tected by tflie young 
leaves* Tins, .protec- 
.tioiijiuiy be, afforded 
. by wh'ole ; ■ leaves, or 
l)y stiiHiles (Figs* 1.5, 

, 86), 'Aside from tins 
■ ,p'.rot6eti.ve , fiincition 
. .nmiiy leaves are spe- 
eially modified for 
A protecting the plant. 

. The different kinds 

Ficj. 85. A staghorn fern {Platycerium htforme) ot leaves which liave 
growing on a coconut trunk, (x this special fniietion 

may bo divided into 

three classes: gpiny^leaves^ motile leaves, and hud scales. 
Spiny leaves* A large number of animals feed directly on 
plants. In some cases this is of advantage to the plants, as when 

t the 
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feedmc^ of animals on the foliage or stems can be regarded only 
as harmful to the plants. Many plants are protected from ani- 
mal" to a greater or less degree, by the development of spines 
(Fig. 87). On the other hand, 
many spiny plants are eaten 
by browsing annuals. Spines 
may be stem or root struc- 
tures, blit very frequently they 
are modified leaves. Whole 
leaves that are modified as 
spines (Fig. 44) may or may 
not serve for photosynthesis. 

The spines of the cacti aie 
believed to be modified leaves 
(Fig. 512). In some cases 
spmes are developed at the tip 
or on other portions of a leaf. 

The daggerlike leaf of the 
century plant is a striking ex- 
ample of a leaf whose tip is de- 
veloped mto a spine. Stipules 
are sometimes modified into 
stout spines (Fig. 88). 



(^Ficus elastica) 

The united stipules of the young open- 
ing leaf surround the bud, while those 
of the second leaf are about reac y o 
fall. (X i) 


the leaflets of many compound 
leaves are modified into motile 

organs known as yMhwf. These 

are most conspicuous m com- 

of he-from the leave. When leaves dvoop 
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and fold up wliile exposed to intense sunliAiit, siioh iiuA^untuiis 
seem, to be fitted to reduce tbc ral(‘> of tninspinuinn. The leaves 
of the sensitive jdant (MimoM. pihlifuf) not <jnly show sh;ep 
movements but also fold up and liano <lown as a result at 
tacd or of shaking (Fig. 90). When the jOanl is sliakem lla‘ 
leaflets of all the leaves may fold logeilier and the pulviui of 


Fro. 87. Marginal and stipnlar Fio. 88. Stipalar spines of the 

vspines of the simple leaf of hi])iiniate leaf <jf cassie flower 

th ns ilicif alius, (X J) (Acacln/arntsiajtn). (x|) 

the leaves bend so that the leaves hang down. These move- 
ments result in a very striking change in the aspe(‘t of tin* plant. 
Instead of having a luxuriant display of foliagt*, it bei'omes 
very inconspicuous. The significance of these movements is 
not clear, but they wmuld seem to afford some prt>te(*tion from 
browsing animals. 

Bud scales. We have seen that the tips (,)f stems ar<* pro- 
tected by leaves. We also find that many deckhnuis plants 
have specially modified leaf structures which protect tlie buds 
during the season in which the tree is leafless (Fig. 94). These 
structures are knowni as bud scales and may represent wlade 
leaves, petioles with undeveloped blades, or stipules. Bud scales 
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, } . 

». »vep,d witi, 

affoHl excellent protection to. the IhuL ‘ 

Hie hraots wJiieli cover some tyj^es ol' uiiodcikm! f! 

»fei> .notified leaves ,vl„VI, l,ave a ■" 

«W»repl,yU, a„,i I.L o dv s™,, . , i" ' •' 


CHAPTER V 


THE STEM 

The chief function of the stem is to support the leaves and 
reproductive organs in such a manner that they can advan- 
tao^eously carry on their several functions. When we anajze 
tlhs function of the stem, we find that several aspects must be 
considered. These can he grouped under attachment, position, 
and increase in number of leaves and reproductive organs. 

Attachment, The stem furnishes any organ which it bears with 
a place of attachment, and thus enables that organ to maintain 

In most cases, stems serve to distribute the leaves 
in such a manner that they do not shade each other to any great 
extent. Insect-pollinated flowers are usually m such a position 
that they are readily visible to the pollinating agents, while 
wind-pollinated flowers are so exposed that the pollen may be 
carried by wind from one flower to another. Stems suppoit m 
fruits in such a way that they may be readily distributed by 

disseminating agents. innrp'Sip the 

Increase in number. Many stems serve greatly to increase tiie 

number of leaves and reproductive organs that Produced by 

1%. The stem, hy i— g o* ^ 

ptat hem emUes the plant to prodnce more food and, con 

seauently, a greater number of seeds. ^ 0-4-1. 

IncideLal functions. Besides the main function of support the 
stem has two important incidental functions : namely, to conduct 
> water from the roots to the leaves and ‘ 

and to carry food from the leaves to other parts of pla • 
It is evident that if leaves and flowers were attached directly 
to L roots, there would be no need and no possibility for any 
other organ to conduct materials between roots and leaves. 

' . 95 "■ 
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The stem is frequently an important storage organ. During 
a large part of their lives many plants manufaia.ure iV)od faster 
than it is used; in most eases a large part of this sui'idns is 
stored in the stem. A vStem is a better storage eigaji than an 
ordinary leaf, as it is usually a more permaneui st]*U(;iurc\ Mort^- 
over, it is of advantage to the plant that the sui'plns fcHxl 
maiiiifactiired in the leaves is removed froiii tlimn, so that frjocl 
material does not acciimulate and interfere with its contininal 
production. 

ST.RUCTUB.K OF STEMS 

Nodes and internodes* The stem (Fig. 91. ) is c<,)mposed of Hoden 
(the places where leaves and branches originate) anil intvrnndj\^ 
(the parts of the stem between the nodes). Ifranclii^s usually 

originate at tiie 
nodes in the axils 
of tlie .leaves, tl'iat 
is, just above the 
point of attacli- 
inentof tl:iele.a¥esv 
Apical growth. 
Tlie' ■ g.FO'wtli ill 
.length of ■ a 'Stem 
t^ihes place laigelj", 
and.' in :i''.nost' eases, 
only, at an# Mm* 
the tip. Very good evidence of this fact is afforded by an exam- 
ination of an actively growing stem of a diculyhalonous plant 
(Fig. 91). It will be seen that all the leaves, except thos(r near 
the tip, are of about the same size, ami that the internodes are 
of approximately equal length. The similarity in size td‘ tlie 
leaves shows that no new leaves are formed on the older parts 
of the stem, while the similarity in length of the internodes 
proves that when an internode has reached a certain length, 
elongation ceases. If all parts of the stem were to coiitinue to 
grow in length throughout their existence, the internodes would 



Fig. 91. Horizontal brancli of guava (Pslflium 
ffuajam). (x J-) ^ 


97 


THE STEM 

be progressively longer toward the base of the stem. Near the 
tip of a growing stem (Figs. 15, 91) the leaves are very minute, 
while toward the lower part of the stem they are progressively 
larc^er until they reach mature size. The mternodes near the tip 
are'^also very short, but away from the tip they become progres- 
sively longer until they also assume a definite length, ilie 
explanation of this is that new leaves and internodes are former 




■ r IG. "i: - 

Left, through whole bud (x 60) ; right, through apex only (x 400) 

at the tip and that they soon reach their mature length and then 
It rther growth » length. Growth at the tip of an organ 

”* Thet^^iowth of a stem is due to the aolivity of a few 
actively dividmg cells which are found at the very ip 
the stem. This part «f the stem is hidden by the young eaves 

prodnoed near- the tip, and cannot be seen n„t.l these leaves 

Ire removed (Fig. 92). A group of a^vely 

I" *“ ““ft '’this 

have another type of growth known as 

type of growth is very prominent in the stems of giasse . 
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grasses a group of cells" just above ea{‘b imde n^iiiaiiis iiieri- 
stematic for a considerable period of time mal hy di\isiu]t foims 
now cells, thus increasing the leiigili of tiii^ inU‘rnod<^ When 
the growing stem of a grass is pulled aparu it will usually Inviik 
just akwe a node, where the soft meristcmaUc' tissiu* is ioeated. 
Tills nieristeinatic tissue in the grasses does not usualiy luivt.^ 
enough strength to support th<; stem but 
is reenforced by tin*, sheathing leaf bast's 
(Eig. 68), This is evident when iliest? leaf 
bases are removetb as tin* young stem will 
bend in the region of meristematit* tissue. 
Even where interf'ulary growth is foumi it is 
not so important as apical growdli, for apical; 
growth produces new nodes and in tern odes,.' 
while intercralary growdli only inereases tlie* 
lengtli of the nodes to limited e:xteiit, : 

Position of leaves, 'Leaves are for.med 
only at the tif) of a ste.r.rL They grow to 
mature size, perform their functions .for a 
time, and finally fall from,. tl:ie stem. . A.s no;, 
new leaves are formed on tlie ol.de.r p.arts .of 
a stem, the old |.)ortions of dnmcihes are 
, , , . ,, always leafless, the leaves being confined 

axils of leaves of mol- younger portions. W hen 

berry (Morns aWci) leaves appear, on superficial obscu'vation, to 

.I X arise directly from large trunks or branches, 

The dots on the stem are p , 

lenticels. (x j) really occur on short branches that are 

too small to be (X)nspicuous. 

Leaf scars. When leaves fall, they leave scars, known as leaf 
scars- (Fig. 94), on the stem. These scars persist for a consider- 
able length of time and mark the location of the nodes long after 
the leaves have fallen. In each scar are a number of more or Ithss 
conspicuous dots, which in each species are arranged in a definite 
pattern. These dots mark the places where groups of xylern and 
phloem cells (called vascular bundles) passed from the stem to 
the leaf. 
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Buds. On stems that normally branch, buds are usually pro- 
duced in the axils of all the leaves (Fig. 93). Buds are also 
found at the tips of 
stems, unless the bud 
has died or produced 
a terminal flower or 
flower cluster which 
has dropped off and 
ended the longitudi- 
nal growth of the 
stem. When the life 
of a terminal bud is 
ended by the produc- 
tion of a flower clus- 
ter, the continued 
growth of the shoot is 
due to one or more ax- 
illary buds. Buds are 
undeveloped shoots. 

After they are formed, 
they may either de- 
velop into shoots or 
remain dormant. A 
bud that has been 
dormant for a num- 
ber of years may be 
forced to develop into 
a shoot by the re- 
moval of that part of 
the stem which is 
above the bud. 

Bud scales. Buds 

are protected by a covering of leaves. When deciduous trees 
are leafless for a considerable period, the dormant buds foun 
on them during that time are usually covered by specially modi- 
fied protecting leaves known as bud scales (Fig. 94). These are 




Fig. 94. Leafless brandies of elm (left) and 
horse-chestnut (right), with winter buds pro- 
tected by bud scales 

The main branch of the elm has three rings of bud- 
scale scars, showing that the lower part of the 
branch is four years old. A ring of scars at the 
base of each side branch shows that these branches 
are the previous Summer’s growth (x |). The 
branch of horse-chestnut also has three lings of 
scars, showing that the lower part of the branch is 
four years old (x i) 
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described in the e!ni|iter. Wlieii 

bud scales fall, tliey lca.ve sca,rs, just as do 
ordinary leaves. lAsualJy, , liowever,.' the,, 
sears of }>ud stailes are t'Orisicieraljly siiialler ' 
and imieb more cn>wded together than ,, are , 
those of ordinary kaivt^s. Tiie result .is that 
when the scales around a ckammiit falb' 
the {‘rowdiid hud-seale soars frequently form 
■a ci)nspieuo!is ring ainjiiiid ' the stem and . 
thus enable us to deltuanlne inmdi rsF the 
history of that stem, A , .season’s growth::' 
alwiiys l>egias just above, a ring of J:)tidA,. 
scale sears ami tmds the fo;rmat!o:n. :of ' 
a 'new set of sctrles, 
so that by com:iti,ng 
.'the rings' of 'bud- 
scale sears we can 
tell tlie age of a 
branch. Also, by 
■■ ■examinat.i.oii o.f the 
part of. the stem l:)e- 
tween ■ the rings .we 
can tell. how rniich 
growth ^ was made 
during past seasons 
and 'the number of 
leaves borne, by tiie 
branch during tliose 
. ■■seasons. , .The .fall- 
ing.; of," .leave's' which 
■results ■ in" leafless 
branches and also 
in the formation of rings of bud-scale 
scars may be connected with either a 
long cold season or a^evere dry season (Fig. 95). Trees which 
do not shed their leaves may have their branches marked by 


F m. 05, A l>ranch of 
the Enjthrina indica, 
a tropical tree %hich 
Is leafless during the 
dry season 

This branch is marked 
by three rings of scars 
left by the falling of 
scales which protected 
the bud during sueces- 
>sive dry seasons. - The 
three rings show that 
the lower part of the 
branch is four years 
old. (xi) 


Fuu 00. Opposite. l<*aves 
on an upright branch of 
guava (P.wih.uu (pmjam) 

Compare poHiliou of leaves 

iuFis. M. (xj) 



THE STEM 


101 

rings of bud-scale scars if growth in length is seasonal and the 
buds are protected by ..scales. ■ ' 

When stems continue to grow and bear leaves throughout 
the year, there are of course no rings of bud-scale scars, and it 
is not possible to tell the age of a branch 
by inspection.. 

Lenticels. The epidermis of the very 
youiig parts of a stem contains stomata. 
As the stem grows older these are re- 
placed by lenticels, which are groups of 
loosely arranged cells that allow an ex- 
change of gases between the interior of 
the stein and the external atmosphere. 
On the younger internocles these can 
usually be seen 
as brownish spots 
with raised bor- 
ders (Fig. 93). 

Arrangement of 
Fig. 97. Diagram show- leaves. The leaves 
ing the axmngement of 

two-ranked leaves , , . /* t j* 

m a number of dif- 
ferent arrangements. The system of leaf 
arrangement is known as j^hyUQtmy. 

When two leaves are attached opposite 
each other at the node, they are called 
ojjpos'ite lea^ms (Pig. 96). ' On vertical 
stems each pair of opposite leaves is borne 
at right angles to the point of attachment 
of the pairs above and below it, so that 

the attachment of the leaves occurs on three-ranked leaves 
the stem in four vertical rows, or ranks 

(Fig. 96). When three or more leaves are attached to the same 
node, they are designated as wTwrled. Whorled leaves are at- 
tached above and below points betweer^ the points of attach- 
ment of the leaves of neighboring whorls, except when there 



Fig. 98. Diagram show- 
ing the arransrement of 
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are ie thi.^ wheiis. IF only 

one leaf oeciu's at a iiudi*, tlia leaves are 
Baiil to be f/Z/f'/ve/Ze { Fi,!''. 110). Akeruate 
leaves are arrani^^eii in a. spiral around 
the stems, and the leavers have* a- deliiiite 
location in the spiral 'ThLs loe.alion varies 
with difi'ereiil spta ies. 

Pliyllotaxy of alternate leaves. In. 
some cases alternate leaves occur on 
two ^si^les of the stun a so that every leaf 
is above the seeoinl one ludow fFi^. 08). 
Buell leaves ari‘ in i wo rows (two-ranked), 
and each leal* is halfway around the stem 
from the next in age ( Fig. 97). 

Anoilier arrangeiueiii is in three ranks, 
in which tlie point of attaediment of every 
leaf is dir(3ctly above that of the third 
leaf below (Fig. 98 ) ami there is a com- 
plete turn of the spiral for every three 
leaves. If we inedude tlie leaf which be- 
gins a turn of a vSpiral and also the one 
whicli ends it. there are, of course, four 
leaves ; but when we lake into considera- 
tion the whole length of tlie stem, there 
will 1)6 noted a turn for every three leaves. 

The commonest arrangement is in five 
ranks, with the point of attachment of 
each leaf 2/5 of the way around tlie stem 
from that of tlie leaf next in age (Figs. 
99, 110). In suedi arrangement the point 
of attachment of every leaf is directly 
above that of the fifth leaf below, and 
there are two turns in the spiral for every 
five leaves. i 

Still another method of arrangement 
is in eight ranks, with the point of .■ 


Fig. m). Diagram si low- 
ing the arrangement of 
five-ranked leaves 


In this diagram t)ie top of 
the cylinder is divided into 
five equal sectors, while 
from the end of each di- 
viding line rims a 1 ine down 
the stem through a row^ of 
leaves, showing that the 
leaves are in five rows. 
The five vertical lines di- 
vide the stem into five 
etjual x>arts, so that the 
distance around the stem 
that one leaf is from the 
next in age (as from leaf 
2 to leaf ?>) can be deter- 
mined. This distance is 
two fifths of the circum- 
ference, so that the diver- 
gence is 2/5. Between two 
consecutive leaves in the 
same vertical row there 
are two turns of the spiral 


THE STEM 


103 


attachment of every leaf 3/8 of the way around the stem from 
the next in age (Fig. 100). In this case the point of attachment 
of a leaf is directly above that of the eighth below, and there 
are three turns in the spiral for every eight leaves. 

Divergence of alternate leaves. The proportion of the distance 

around the stem that a leaf is removed from the one next m age 




is called the divergence. When leaves 
are two-ranked (halfway around the 
stem from each other) the divergence 
is 1/2. We have just considered eases 
in which the divergence is 1/2, 1/3, 2/5, 
and 3/8. These figures, however, show 
other relations than the divergence. In 
the case of a divergence of 3/8 (Fig. 100) 
the denominator 8 shows the number of 
internodes between two successive leaves 
that are in the same vertical line on the 
stem, and also the number of vertical 
rows in which the leaves are arranged 
on the stem. The numerator 3 shows the 
number of turns of the spiral for every 
eight leaves. The same relation holds 
for all other divergences. In the case of 
2/5 the denominator 5 shows the num- 
ber of internodes between two successive 
leaves that are on the same vertical Ime 
and the number of rows in which the 
leaves are arranged. The numerator 2 
shows that there are two tprns in the 
«niTal for everv five leaves. When the , , 

lergenoe » 1/3, every leaf is above the third below ta-s 
are arranged in three rows, and there is one turn of the spiia 

for every three leaves. . 

The greatest divergence that occurs with alternate leaves 
1/2, and the smallest is 1/3. AU other divergences are mter- 

between these two. 


Fig. 100. Diagram show- 
ing arrangement of eight- 
ranked leaves 





104 A TEXTBOOK OF C.ENEIJAL BOTANY 


Series of divergences. Tho divt^r^’eiires fi»r *!!ii*ruutf^ lnnvm 
(*aii be arrangefl in the following series: 1/ii, 1 . -h o/l:], 

8/21, 13/34, 21/55, ete. Each fraetioii ivpri^M-iits ile^ part oC 
tlie wTiy aroand the stem tluit oru? leaf is rrmu \ ln^ in 

in ea(4i fraetioii the deaiominator rc*pr»*sriits ilie !iuiiilH*r of 

iiiteriiodes In*! \vc*eii siie- 
eessive leaves iliat an‘ 
sit uatefl iri the saiiu^ ver- 
Bcnil !'o\v, and also the 
niimhin’ of vertieal rows 
of ' leaves' 'Oil tlie stem, 
wliile , the mimerator 
sl'iow's. the. iTiiiiiber', o"f 
turns of tlie spiral 'be- 
t'weeii two ■ si:icc:;essive 
leaves in the same ver- 
tical row. It sl'iould J':)e 
noted that tlie niimera-' 
t.O'r and derioi'irinator for 
livery 'divergeiice can be 
o btain ed by ■ , acidi.ng to- 
gether "tliose of. ..the", 'two.' 
'I'lrecedii'ig' 'fractions'' 'in 


Fig. 101. Diagnmi showing tla^ divergenrf* 
of alternate leavt^s, expressed in degre(;.s of 
circiiiTiference 

All divergences lie between l/S = 120nmd 1/2=-. 
180'’, while all members rd the series higher than 
2/5 lie between 2/5 = 144® and ?>/H ~ ia5\ d’hf^ 
members higher than 5/01 lie so close to the t heo- 
retical limit of 137® 30^ that it is not praeti{‘able 
to show them on a diagram of this size 


The .first' :fig.ii're'''.',i.n' 
the S'Cries, ' 1/2,. 'is' the 
greatest' .di'vergeiice tliat' 
occurs with alternate 
leaves; the second figure, 1/3, is tl^e smallest; tJie thir<l figure, 
2/5, is the second largest; the fourth figure, 3/H, is tla* second 
smallest; the fifth figure, 5/13, is the third largest; the sixth 
figure, 8/21, is the third smallest; the seventh ligure, 13/34, is 
fourth largest; and the eighth figure, 21/55, is the fourth 
smallest, etc. This can be expressed in a different Avay. If we 
take the'first figure in the series and then every second figure, 
we obtain the following descending series of divergences : 1 /% 
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2/5, 5/13, 13/34. , If we' take 
the second figure in the series 
and then every other figure, we 
obtain the following ascending 
series of divergences: 1/3, 3/8, 
8/21, 21/55. The divergences 
of these series expressed in 
degrees and miniites of cir- 
cumference can be tabulated 
as follows: 

1/2=180° 1/3=120° 

2/5=144° 3/8=135° 

5/13 = 138° 28' 8/21 = 137° S' 

13 /34 = 137° 39' 21 /55 = 137° 27' 

The largest figure in tlie as- 
cending series is never as large 
as the smallest in the descend- 
ing series, and both series ap- 
proach the same limit, which is 



Fig. 102. Top view of a stem of the 
umbrella plant Jiahell iformisy 

showing three-ranked leaves on a 


twisted stem 

The three rows of leaves can be traced by 
means of the axillary buds, (x \) 





"V I r'sp 1 

IK so twisiod that tin* 
'.xcurrenfc crown of Cwtuarim leaves radiate in all di- 

re(;tions (Fig. 102). 

ung. Many stem.s branch and thereby iiici-ea.se the nnni- 
A-es and flowers which they can advantageonslv .sunnort 
Is grow in the axils of tlie leaves, the amtngein'ent of the 
would be the same as that of the leaves if all buds pro- 
anehes. Usually, however, many of the buds fail to 
lue plants, as is the case with numerous palms (Fig. 1 03), 
'aneh.at all. In many species the main stem' continue.s 
nioug lout the life of the plant and is very mmli more 
than any of the branches (Fig. 104). Plants that have 
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this form of growth are said to be excurrent. In trees with excur- 
rent <^rowth the main trunk extends as a central shaft to the top 
of the tree, while the branches spread from it more or less hori- 
zontally. This results in a conical crown. The opposite form ot 
growth is known as deliquescent (Fig. 105). In trees that ia\e 
this form the main trunk is short, whde the branches divide into 
smaller and smaller branches, producing a spreadmg crown. 

Adventitious buds. Most branches origmate from buds m the 
axils of the leaves and are called axillary branches. Buds may, 
liowever, arise from 
the iiiternodes, the 
roots, or even the 
leaves (Figs. 82, 83), 

■ especially as the re- 
sult of injury. Such 

buds are said to be ad- 
ventitious buds, and 
branches produced by 
them are adventitious 
branches. The growth 
of adventitious buds 
is made use of in the ^ , 

process of pollarding, that is, the cutting hack of the tiee to t e 
trunk to promote a dense growth of hranches Avhich arise from the 
Lue prLced around the wound. In the case of the willow, 
pollardlg produces slender branches, which are used in makmg 
baskets Bi propagation by root cuttings, which is practiced in 
Lt. is feJssn of th, fact « some roots pro- 

duce adventitious huds. - 

KESPONSE OF STEMS AND LEAVES TO EXTERNAL 
CONDITIONS 

Geotropism. It is a very common observation that stems grow 
upward and roots downward. Even m the ^ 

trate stems the tips tend to grow upward This ° 

stems to grow upward and roots to grow downwaid is due 



Fig. 105. Deliquescent crown of a rain tree 

(Enterolobium smnan) 
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tlie forcjc of gravity. Such responses of a jsiajit: io gravity are 
known as geotropism. -. 'Wlien roots gr<nr do\vii\\”ard, or in t,!ie 
direction of the force of gravity, ■they sire said lo hhow //^^.svV/Vr 
ijeoiropimi, while stems that' grow ujuvard sigstinst ihe forra; 
of gravity exhibit negaiim geotmpmn. 

The action of geotropism eari, be ilernoissirsded very easily 
if we hike a small sseedliiig and lay it in si liorizonta! position. 

The soon will brnd 



Fig. lOB. The tip of a pendent stem of an or- 
cliid (^Denfh'obium anosmimi) (see Fig. 2) prodno 


ing a young plant 

The parent plant Iiangs under the edge of a poreh ; 
the new shoots are growing to%Tard the light, and 
tlie roots away from the light, (x J) 


Upward, whih.* the 
root will turn d.own- 
wsird. 'Flic stem ami 
root uiil then con- 
tinue to grow iii ih(\se 
directions. If, how- 
ever, wc place a, seed- 
ling in a lorizontal 
position and revolve 
it arouml its own 
axis, so that all sides 
will 1 h.^ subjected in 
ihe same way to ilie 
fore<‘ of gravity, then 
the stem and root will 
Cfud inue to grow in a 
horizonta! direction. 


The action of the 

negative geotropism of stems is clearly seen in the case of plants 
which have been }>lown over but continue to grow. In sindi cases 
the stems grow upward, away from the surface of the earth. 

The action of geotropism is not due to a direct pull of gravity 
on the plant but is a response of the plant itself, as is' sbown 
by the fact that stems grow upward against the pull of gravity, 
while roots may exert considerable force in growing doumward; 
in fact, roots must exert force to penetrate the ground. The 
difference in reaction of stems and roots is not tiie result of 
any difference in the force of gravity on the r>arts concerned 
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but is caused by differences inberent in the organs themselves. 
The response to gravity is brought about by different rates of 
growth on the upper and lower sides of the organs concerned, 
the side which becomes convex growing more rapidly than the 
opposite side. Geotropism is largely responsible for the position 
of upright stems. Branches do 
not show the action of geotro- 
pisni to tile same extent as 
does tlie main axis. 

Phototropism. Stems tend to 
grow toward the light, while 
most aerial roots grow away 
from the light (Fig. 106). The 
tendency of plant organs to 
orient themselves with refer- 
ence to light is called photo- 
tropism. An organ that grows 
toward the light exhibits 
tive phototropim^ while an or- 
gan that grows away from the 
light shows negative pJiototro- 
pism. Nearly all roots that 
normally grow, in the ground 

show little or no phototro- . ^ ■lUrt 

pism; but there are some exceptions, as in the case of the 

radish, where the roots are negatively phototropic ( ng.^ ). 

The effect of phototropism can often be clearly seen m up- 
Jt ptate gli»g . house. In such esses there .. 

a tendency for the branches to grow away from the bouse, oi, m 
other words, toward the source of greatest illumination. There 
is also a tendency for the main stem to/ean away from the 
house or toward the light. In trees that bend towaid the 1 g 
Se poSion of the main axis is very clearly the resul of the 
combined action of geotropism and 

eral upright position of the stem is due o g P ’ ff r. 
the leLilg position is the result of phototroprsm. The effects 


Fig. 107. A radish seedling grown on 
the side of a piece of blotting paper 
held vertically in a darkened box 
with light entering on the left side 

The position of the shoot is due to a 
combination of positive phototropism 
and negative geotropism ; that of the 
root, to negative phototropism and 
positive geotropism. (x 1) 
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t ol I j] i< )l i Vs 11 ?]>}!) i\ I'f ‘ 1 J‘0-. 

ijiU'hllx in 

|)iaiils in;4 in wiinluws 
nr nil i‘U\ f'lTii pnrrhrs. In 
.siirh r;isos ihn jihtiil.s iisii* 
ally leiiii Inward ila‘sni}r<n* 
<d’ Hniii c 1IIN|. 

'mjQ d1in lipN nf Iwrdai's'nus 

StnlilS iVi*f|ilnlH ly I'nllnw 
tlifi ouiirsn ni' I iin KUU dur- 
in;4’ llu* tiay, | mini inn- tn 
till* lAusI in ilin lunmiin/ 

and tn iIh* wost in llin 

: 4^Ay; .. ; aftarunun. 'This is irm* nf 

'' the siintlnwnr, 

'■ Diapliototropism. Innives 

Fm.lOS. A imiiiKo bean .wflliuK which ‘“y'" 

grew upright wiieu iihiiiiiiijiteil from all nl illiniH" 

sides and then bent towanl the light when nation, and also l>nnd in 

illuminated only from the left, (x 1) mch it way that tht*y are 

not ^t^reatly slniclt‘d. by the 
leaves above them. The turning and bending of leaves to face 
the light is called diapho- 

totropisiii. 1) 

Wlien leaves have pet- y|| /I 

» T 1 1 1 , ' A'"” t'/'' ?m| // ' f *’ 

loles, the beiuling takes /vy"*' ji ^ . '"I 

place in the petioles. Jf ^ / * ' ' \ 

the petioles on pendent 11 

branches were straight, ! 

the morphologically upper 

side of the leaves w'ould j 

face downward, but in 

such cases the petioles Thunherr/ia grumlijlnm 

• - - - so as to oa pendent branch 

The petioles have twisted so that the mor- 
phologically upper sides .»f the leaves are 
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In many cases the bending and twisting of the petioles or the 
twisting of the stem is iraich more important than the place 
of attachment of the leaves in determining the position of the 
leaf blades. This is often very clearly seen in the different 


positions of leaves 
on vertical and hori- 
zontal stems of the 
same plant. On ver- 
tical stems, which 
are not shaded on 
one side, the leaves 
extend straight out 
from the pohit of 
attachment, while if 
the illumination is 
one-sided, as upon 
unshaded horizontal 
branches, the stems 
or petioles frequently 
bend and twist so as 
to bring the blades 
into such a posi- 
tion that they face 
the strongest light. 
Compare Fig. 91 with 
Fig. 96, and Fig. HI 
with Fig. 110. On 
horizontal branches 



Fig, 110. Vertical branch of Cestrum mcturnum 

illuminated from all sides 

Compare with Fig. Ill* i) 



the leaves are often _ ^ 

arranged in an approximately horizontal position. As an . 
take the case of a plant on which the leaves are arrange 
vertical rows. On a vertical stem the leaves will extend J 
stem in five directions (Fig. HO). On a horizontal b 
the same plant the petioles will bend and twmt so as to 
blades mto an approximately horizontal position, and tl 
will appeal- to grow from only two sides of the stem ( 
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Tlie degree of adjusimeiit-of leavt'.s in ivsiiuiise m iiglit varies 
Trcatly ii^lilfereut/plauts. Leaves \Nliieli uni \ m si‘nsiii\ 

Ughi follow tlie- course of the sun during the day : leaves whieh 
are only moderately sensitive usually laee ihe sirnngesi light, 
as is the case with most ctnmnou tn*es aral slmihs: win]'* leaves 
whith are feebly sensitive are not so deliu!iei\ anunged. 

Unusual positions of leaves. While the- lea\ii^nl‘ mu>t plains 
are in general arranged so that they fai'e the >nuree ui greatest 
illumination, there are some exetipiious. Thv leases of mmiv 

plants, paJlieular!y of 
A .t those growing in arid re- 

n\r^ ('Jj J gions, nnike tieiiti' angles 

light 

* from the SfrtireiM if great- 
illuminatiom This 
"X arraiigemerii has eer- 

V tsiiii adva,ntage.s. Very 

■; i n t ( ‘i i Si* I ig I It has a t en d- 

eui'V to destroy i*hlo- 

Fro. 111. Arrani»vint'iit oi* h‘av(*s ea hurl- ‘ i i 

, .. ro])hvll. It ulsii has a 

zuntiiDn'iimh oi C rsf/'fun /iodur^fiw; \K)^^iihJii ^ i i 

of leaves due to one-sided illuiuiiiaUeii ^ 

^ , ,, leaves c*xe(*.ssivtflv 4i»d 

Compare with lig. no. (x U 

lo prodtiee raiud. tnoi- 
spiratioii. These injurious effe^'ts are partly us'oided hy jdanis 
that luu'-e tlieir leaves arranged in the juunner just desenhed 

Leaf mosaics. The petiiiles of old leaves are usmilly lunger 
than those of younger leaves on ihe same liram'h. In many 
plants the bending and twisting of thi* piUinles, or a euinhina- 
tion of these movements with different lengths of the petioles, 
brings all the blades into approx; imaUdy tlu^ same plane tuid in 
such a position that they fit in hthween tnu-h oilier with wow 
little overlapping. Such an arrangement of the blades is ea!lt*d 
a leaf mosaic, from the similarity to the iitting in of materials 
in mosaic work. 

Heliotropism. The term heliutropi^m is often used in |da(*e of 
the word 2 }hototropwn. Heliotropism is the orientation of plant 








organs ill response to sunlight. Stems and leaves, however, re- 
spond to artificial light as well as to sunlight, so that it is better 
to use the general term, than the specific oiioj 

heliotropum^ 

Etiolation. Stems that grow in the dark have a tendency to 
grow longer and to be more slender than those that develop in the 
light. They also have a blanched appearance, due to a lack of 


Fig. 112. Etiolated seedlings (left) and normal seedlings (right) of mungo 

(Phaseolus radiatus) 


chlorophyll. The leaves of plants grown in the dark are usually 
small and also have a blanched appearance. Plants that have 
stems and leaves with these eharacteristics, which are the result 
of growth in the dark, are said to be etiolated* Etiolation is 
well illustrated in Fig. 112. A practical use is made of etiola- 
tion in Cliina and Japan, where young sprouts of bamboo are 
used for food. These are made white and tender by cover- 
ing them with earth or earthenware jars. Similar results are 
achieved with asparagus by cutting the shoots when the tops 
are just aboveground. 
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In nature, when upri|L;'!il steins t^row in the siark, liiey usually 
arise from iiiulerground structures such a> hull?-- uv rhi/.nfnt*s, or 
are producetl l)y germinating' seeds, fn such cases i!h‘ rciativcly 
longer, slender structure of etiohitcd stems has a, icmicm y to make 
ilje plants reach up into the liglil. The prutluction of siiuiil lca\cs 
on etiolated stems also seems to he of advuiitaiifc. as kaocs in the 
dark cannot carry on [diotosyntiiesis and so an^ of uu puni«*u!ar 
use to the plant Moreover, large leaves would hinder the grou th 
of stems llirough the grournh while tlaur formation would re» 
((uirc material whicli could be used in elongating ilie sUmi. 

licavesthat normally arise dirticl !y from nndergrounfl si met tires 
behave differently from ordinary atu'ial !euvt‘s wlicu grown in tlu*, 
dark. Instead of being smaller than usual iliey become* longer. 
Tills has the same effect as tin* elongait'd growili of upright stems 
in that there Is a tendency to firing thf* leaves into tlie iiglit. 

Seif-prttning. The heavily shaded portions of hranehes fre- 
quently shed their leaves, while wliole brunches that are heavily 
shaded usually die and fall from the plant. It is for this ntason 
that the leaves of trees are usually found near the eireumferenee 
of the crown and not in the interior. 

The loss of shaded branches can be seen very plainly in the 
case of trees which grow close together and produce long trunks. 
As tlie lower brandies become heavily shiid(*d tliey die and fall 
from tlie tree, and leave the lower part of tlie trunk (dear of 
brandies. It is a common observation that trees grriwing <tl<ise 
together are tall and slender in form and havi.^ long, clear trunks, 
while a tree growing in the open, where it is not sluided, usually 
has a spreading crown and a short trunk. These <liiTeren(‘t*s are 
due to the fact that if trees gro\v close ttigether the lowm* 
portions are shaded and the lower brandies die, whiidi is not the 
case with trees whidi develop in the open. The dying and falling 
of shaded branches is called self-pruning. Foresters take ach am 
tage of the self-pruning of trees, and plant seedlings close togeiher 
so that long, clear trunks will be produced. If it is desired that 
a tree growing in the open shall have a long, clear trunk, it fre- 

tn ■T‘AmAi;r<a.''eKA'' ^ 
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THE TWO TYPES OF STEMS 

Flowering plants, as previously noted* are divided into two gen- 
eral classes, monocotyledons and dicotyledons. Monocotyledons are 
plants that have one cotyledon, or seed leaf, and dicotyledons those 
that have two cotyledons. The cotyledons are the first leaves pro- 
duced by plants and are usually found m the seed. When there are 
two, they are opposite each other, but plants with two seed leaves 
frequ ently do not have their subsequent leaves opposite each ot ler. 
The leaves of dicotyledons have njetted veins (Fig. ), ^ le 
those of monocotyledons usually have parallel veins (Fig. lb). 

If a dicotyledon reaches any considerable size, it ha^ bark 
which can be readily stripped from the remainder of the stem, 
while monocotyledons do nqihaye bark. Stems of monocotyle- 
lons reach a certain d&r and then do not usually become 
thicker while stems of dicotyledons generally continue to grow 
StSnIss aa Io„s as the ptot lives. The P»ts of 
cotyledonous plants are usually arranged in (hrees oi in multi- 
ples of three, while in dicotyledonous plants the 
but they rarely occur in threes or multiples of three. The m 
importaL monocotyledons are grasses, including bamboos, sugar 
cane, and all cereals such as corn, rice, and ! 

which resemble the grasses in appearance); palms (Fig. lOJ, 
members of the lily family and related families; ’ 

and members of the ginger (Fig. 172) and banana (hig. bb) 
families. Dicotyledonous plants are much more numerous an ^ 
hiclude all ordinary trees, shrubs, and iiiany ^ ' 

structure of the stem of a monocotyledonous plant is, as e 
sSiTlf see, very diflerent from that of a dicotyledonous plant. 

anatomy of dicotyledonous STEMS 

^ General regions. 1 “ ^3^ 

' S is a'le than has the shape 

Ta St etSr » knotn, as tire The cenier 

of the stem is occupied hy a solid column, the sieia 
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Fkj. 113 . Ci'oss Hootion of a youn;4 stoio of . ! rhttilurhUi / U tjfUfS 

epideniiis; c, eollenchytiia of coitex ; parouchyma ; w, fniiidHuni ; pL pltli 
p/i, pMoem ; .s, sclerenchyiiia of ptT'i(‘yi*lo ; f, xyloui, ( :< ooi 


The outer cell walls are greatly tiiiekeiu*<l ancl heavily (iitiuiziMl 
(Figs. 115, 116). The ephleriiiis serves ehielly for restriet ing | 
the rate of transpiration and for protecdiug tlic un<l(n*!ying tissues! 
fram mechanical injury and from disease-prodmung iU'gaiusms.i 
^Cortex. ThjeL.region^that Im^^^ next to the epidtu'iuis is tlie c'or- 
The innermost layer, of .the cortex is the darvii 
known also as the endodermis. ^t consists of a single layer of 
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Groups is a vascular' 
JP^lonous stem consists 
^ u nearest the center 
cot^v^T^own as xijlem* 

' ^hin-walled 
. by a 


cells which surrounds the 
sUde and contains nuinei’-. 

• ous wtarcli grains, 

"wliicli circumstance its 
name ip derived (Figs. 

114,116). Frequently it 
is most easily distinguish- 
able from the surround- 
ing tissue by the presence 
of these starch grains. 

.The part of the cortex 
situated between the epi- 
dermis and the starch 
sheath is usually divided 
into two regions, an in- 
ner zone of parenchyma 
and an outer zone of 
collenchyma cells (Figs. 

11^115). 

\ypareiich.yma. The pa-.^ 
renchyma cells of the 
cortex have the general 
structure and functions 
characteristic of paren- 
chymatous cells (Figs. 

113-115). Such cells are 
not highly .specialized in 
structure for the perform- 
ance of any particular 
function, but may be re- 
garded as generalized 
cells which carry on to 
limited extent all the 
usual functions of cells. ^ 

Parenchyma cells are ordinarily regular in shape, have co - 
tively^thiir walls, and are not greatly elongated m any 




Fig. 114. Cross section of a portion of stem 
of castor-oil plant {Ricims communis), show- 
ing a vascular bundle and the tissues around 
and external to it 

e epidermis • c, oollendiyina ; pc, parenchyma 
of cortex ; si, starch sheath ; sc, selerenohyma 

of perioycle; pp, parenchyma of pencyde; 
p, phloem; ca, cambium; r, xylem vessel; 
r, pith ray. (x 180) 
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leaf v«-,V J,„a ..ells. Chi.....-..- 

a single layei ot etV ■ kin.l of naivnOiyina eclls. 

It coutaius stomatiis uiily a si-iee . 










\ — i — 1‘ 








pa „ sf cc ,ca 

*' pli X 


F,r nr. L.'.i.i,ntu<linal seation of a ,,ortiou of a sn-.u of AMM,, .Uun^< 
epulennis ; f, cortex ; 

■ ?• ^ 

’ pi,int\i. (X 100 ) 

''Llie pareiicliyiua eells in tte cortex ol: a stem aic nuii tu 

L le Si^t I that »...e or all of the... .level., 1 , ehlorohla-tels 

: f “irSS'S water o...ri.il. 

■ 4eX l»te» g-mg rigaitj. to a. orga.. 
a of pareifoKtlii^'' cells is important m sueculeni 
, the^y^ag parts of the stems of woody plants befoic slioig 
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inoelianical tissues have been developed. Thegroups is a vascular' 
by tlie turgor of the parenchyma cells is paijtonous stem consists 
nraintaining the form of the younger parts nearest the center 
olimbmg stems. It is of little or no help in dico.;, Vnown as xylem. 

that have developed a mas- thin ■walled 

give column of wood. 

Tarenchyma cells serve 
for the slow conduction of 
water and food. In the case 
of the cortex of the stem it 
is evident that the water 
which is received by the 
collenchyma and the epi- 
dermis must be conducted 
through the parenchyma. 

The parenchyma is the 
special . storage tissue of 
plants. In general the pa- 
renchyma of the cortex is 
less important than the 
parenchyma of the stele as 
a food-storage tissue, but 
food is frequently stored 
iiy'^ to some extent. 

\)^ollenchyma. On the in- 
side of the epidermis there 
is usually a band of collen- 
chyma (E^s. 113-115)- 
The cells of the collen^ 



Fig. 116 . Diagrammatic combined cross 
and longitudinal sections of stem 
« nitb ; X, xylem; sr, spiral vessel ; nr, an- 
nular vessel ; J)i>, pitted vessel ; c, cam nuin 
region ; ph, pWo6m ; sieve tube ; pe, ptn- 
oycle ; sc, sclereucliyma ; pp, parenoliynia , 
c corteK ; ss, starch sheath ; pc, parenchyma 
’of cortex ; co, coilenchyma ; a, epidermis 


The cells of the collens^ U..«,withcellulosewallsthick- 

chyma are modified parenchyinacf^mth cel u 

end at the attgle. tvhete three or 

(Fig. 25). Thecollenehymareseoib es paten^J 

and in having a moderate amount ° mate- 

function of collenchyma cells is ° muoh w6.®dy tissue, 

rial in succulent organs whio icon Vief ore strono-er tissues 

or in the soft young parts of woody plants betore stron.e 
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epidermis. TFped, i hey are enpeeiaily tilled hir giving 
leaf very closely iigrowing organs, sinee IIk* thiekeiieii parts of 
a single layer of cderable rigidity, while thinner parts allow 
It contains stored materials heUveeu eidls hihI for t lie siretrhing 
of the cells. The eollenchyiiia <‘eils of stems somo 
aitaiii chloroplastids and carry on photosynthesis. 
jreEcliyiiia. Thick -walled dead cells kt!i>wn us seko'cnchyina 
oiind iti the cortex of some sterns. 'I htu’e iire two varieties oi 
. tliesc sclcreu(*hyina cells : short or ir- 

^ ' I ■ / regularly shaped ceils, kinnvn as stom, 

V I / ■ cells, ami sciereiuthyina hhers. Helc- 

I ^ renehyma iiliers art,‘ long, disid. thie‘k- 

j[ I i walled cells and serve as si rengtheiiing 

I i material. Stone cells give stiffness to 

WlM cortex and, when tluw form a 

more or less continuous layer, may 
l/lm take the plat^e of the epidermis after 

. if III '"'m. ■ P<trt of the eortcnx which is exte- 

rior to them lias disappearecl. 

Stele of dicotyledoEOus plants* The 
part of tlie.steiii iiiside'Of tlie'' .cortex 
is known as'tlie stele (Figs* 

This consists of tliret^ general regions. 
In the center is the pV//, composed of thin-wallcd parenchyma 
cells. This [litli is surrounded by the vamihir-hymlh* /v///cw,, which 
is composed of vascmlar hundleH separated by radial rows of paren- 
(^ma cells known as pith rauH. Outside of this is the 

Pith. In a dicotyledonous plant the center of the stem is 
composed of thin-walled parenchyma cells ami is known as the 
pith (Figs. 118, 115). The cells of the pith are very similar to 
other parencliyma cells and have the same general functions. 
As they are not exposed to the light, they do not develop Oiloro- 
plastids and so do not perform photosynthesis. In perennial 
pyTiits the pith is frequently a transitory structure. 

Vascular bundles* Around the pith are compact groups of ccdls 
which, as seen in cross section, are arranged in the general form 


Fig. 117. Wood libers from an 
Qiiki Qui^irus hennetiu ). (x 40) 
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f « KrnkPTi rm^ fFia. 113 ). Each of these groups is a vascular 
Wte A vicl” Wle of o dicotyledonous stem conststs 
rf tliL'e pm-ts (Figs. 113-116). The region nesrest the center 
ft t stL conuins thich-tvalled cells and is hnojn as 
The peripheral portion of the bundle is composed of 
Sis called p/iZoL. The xyleni and phloem are separated by 

cambium layer, which is com- 
posed of meristematic cells. 

By division the cambium layer 
increases the size of bundles 
by forming xylem cells on the 
inner side and phloem cells on 
the outer side. 

i^ylem. The xylem which 
is formed before the activity 
of the cambium has begun to 
produce xylem and phloem 
cells is called primary xylem. 

This primary xylem is com- 
posed of two parts. The xylem 
formed first is nearest the in- 
terior of the stem and is 
called protoxylem. The more 



Fig. 118. A. sieve plate of a squash 
stem (Cueurbita maxima) pierced by 
holes, walls of sieve tube, aud sur- 
rounding cells. (X 110) 


pSierlfp^t of 

and wood parenchyma. _ ^ are elongated dead cells, 

Tracheary elemenfs. The m others, 

with walls that are thici in ^ ^ water-conducting and 

T, .eyeerve to conduct 

as strengthening cells.^ to cell while the thickened por- 

water to pass readily lom crashed by the pressure of 

tions protect the ce s tracheids are dead cells and 

the surrounding tissues. develop turgidity, 

TSformly thin, the pressure of the 
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neighboring cells wouM cause 


them to collapse, f 2!!!!,,-? 


s would ” h hguin. ThiiPaterial 

theWeids m^che^^^^^^^ interferiugU'iti, 

serves to streu^the permeability. 

,W.»e oomp<»ed of ro«, o 

t.„he»y cells fl.e »vte ot w 

„e connected by tl.e W.1 o l».l 1 
disappceience ol the cross 
diemLr of vessel. .. 7 “ 
greater Iban ttot ot ‘>7“'7" 
they form long tnbes, tl.ey '"77 

the principal water-conducting 

ments of the ^licotyledonous s eui.^ 

Tracheary cells may be dmdtd . . 

several types according to the metboc 
by which the walls are tlnekened 
(hhgs. 115, 116 ). _ Ar«d<»- tracheail 
cells have thickenings m the mu . 
rings, while spiral tracheary cells luue 

spbai tMckening.. «««! 7>«7 
cells have walls which are umiornilv 
tliickened except for thm places ^ lu 
the form of pits. When the pUs m • 
long and narrow and lie horr/.miiu \ 
one above the other, the tocbeid < .r 
vessel is said to be scalantorm, oa'ing 
to the ladderlike appearance .it lie* 

thickenings. ^ _ 

The protoxylem is composed large ir 
of annular and spiral vessels and parcu- 
k A chyma, while the tracheary elements 

of tbc .econdcry nylem .re pitted, f 

::::S « b. .tmtcbcd, Th. met.vylem 
are formed after increase m length has ccaro , 



Fig. 119. Sclerenchyma fi- 
bers from a leaf of a cen- 
tury plant (Affane canlula). 
(x300) 
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pitted tracheary cells are advantageous, as they have greater 
strength than spiral and annular ones. 

Wood fibers. These are long, slender, pointed, dead cells with 
greatly thickened walls and only comparatively few small pits 
(Fig, 117). They serve as strengthening cells. Tracheids that 
have a structure approaching that of wood fibers are called 
fiber tracheids. These 
two types of fibers 
usually make up a 
considerable propor- 
tion of the wmod of 
dicotyledonous trees. 

Wood parenchyma. 

Parenchyma cells in 
the xylem are desig- 
nated as wood paren- 
chyma. They serve 
chiefly for the storage 
of food. 

^^hloem. The pri- 
mary phloem of the 
dicotyledonous stems 
consists of three types 
of cells: sieve tubes, 
companion cells, and 
^^doem parenchyma. 

^ Sieve tubes. The 
sieve tubes consist of 
thin-walled, elongated cells arranged in vertical rows (Figs. 115, 
116). The adjacent.cells of a sieve tube are united by small holes 
in the cross w^alls (Fig. 118). Also, sieve tubes have rounded 
laces on the side walls which are pierced by small holes and coll- 
ect one sieve tube with another or with a companion cell. The 
areas on the walls of sieve tubes which contain such holes are 
called sieve plates. The sieve tubes get their name from the 

lates. The walls of the sieve 


— ph 


Fin. 120. Cross section of a bicollateral bundle 
of a squash stem, showing phloeni on both sides 
of the xylem 

phloem ; c, cambium region ; x, xylem vessel. 
(X 95) 
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tubes are lined with a layer of protoplasm, but mature sieve 
tubes do not contain any nuclei. 

The sieve tubes serr^-e primarily for the conduction of'' food 
material. The holes which connect the cells of tlie sieve tubes 
make these tubes especially suited to the conduction of protein. 




Fwr. 121. Successive stages in. the formation of a resin duet in pi ne. f x 250) 

V Companion cells. The companion cells arcj small cells winch 
are attached to the sieve tubes. Each companion cell is tlie 
sister cell of a sieve-tube cell, the two being formed by the 
division of a mother cell. The exact function of tlie conipanitiu 
cells is more or less obscure, but since they are connected by 
sieve plates with the sieve tubes which contain protoplasm Imt 
no nuclei, it would appear that the nuclei of the companion 
cells serve as nuclei for the sieve tubes. The small shaded mlh 
in the phloem in Pig. 114 are companion cells. 





125 



THE STEM 



Phloem parenchyma. The phloem' contains parenchyma cells 
whose structure is very similar to that of other parenchyma cells. 

are known as phloem parenchyma. 

^vambium. While the other cells of the stem which are formed 
at the tip are being differentiated into permanent tissue, a 
single layer between the 
xylem and phloem re- 
mains undifferentiated 
(Figs. 113-116). This 
layer of meristematie 
cells is known as the 
cambium. The cam- 
bium consists of a sin- 
gle layer of cells which, 
by division, gives rise 
to xylem cells toward 
the center of the stem 
and phloem cells to- 
ward the periphery. 

The activity of the 
. cambium cells thus en- 
larges the size of the 
^bundles and, in conse- 
quence, that of the 
stem. This process is 
known as secondary 
• thickening and will be 
discussed in detail in 
a later section. 

At first the cambium 
is confined to the bundles, but later the parenchyma cells of the 
pith rays which lie between the edges of the cambium in the 
bundles divide and form a layer of cambium which reaches across 
the pith rays and connects that in the bundles, so that the cam- 
bium becomes a continucps cylindei;, (Fig. 139). The beginning 
of this process is shown in Fig. 113. 


Fig. 122. Longitudinal section of oil gland in 
orange jieeL (x 450) 
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'Pith rays. The vascular 'bundles are separated from each other 
by radial rows of parenchyma ceils (Figs. 11 o, 110) known as 
pith rays.^ The pith-ray cells are usually elongated in a ra^dial 
direction. They serve primarily for the conduction of food and 
water radially in the stem and for the storage of food. Food 

rnaterial which is stored 
in the wood parenchyma 







in the wood parenchyma 
is conducted to tli:ese 
cells by the pitli ra.}'s. 
"The pith rays also serve 
for the conduction of 
water from the xylem 
toward the otlier parts 
of the stenu If a pith 
ray from an old stem is 
stained with iodine, it 
will usually be found to 
contain numerous starch 


^ / l/Pericycle. The region 

between the vascular 
bundles and tlie cortex: 
known as the pericy- 
I cle. It is usually com* 

Fig. 123. Latex tube of poinsettia posedof pai'eiichymaand 

hiupulchernma), (X 125) sclerenchyma cells, but 

the sclerenchyma cells 
may be absent. The sclerenchyma may occur as separate patclies 
(Figs. 114, 116) or as a continuous ring in the outer pari of the 
pericycle (Fig. 118), forming a sharp line of deinareation between 
the stele and the cortex. The sclerenchyma cells in the jiericycle 


1 The term looocl ray is proposed in place of pith ray by some modern anato- 
mists, on the ground that these rays do not belong to the pith, but that tim 
parts of the rays between the primary xylem represent tracheids which have 
been transformed into parenchyma ceils. Owing to tiie widespread use of the 
term pith ray in literature it seems convenient to retain it, even though, from 
the standpoint of origin, it may be inappropriate. 
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are like other sclerenchyma cells (Fig. 119) in being long, tliiek- 
walled. dead cells which serve as strengthening material. 

Variations in stem structure. The above description of the 
structure of stems applies to the great majority of dicotyledonous 
plants, but there are a few which show minor variations. If these 
few exceptional cases are 
left out of consideration, 
the general structure of 
dicotyledonous stems is 
reinarlvably uniform. The 
relative development of 
•the various parts, how- 
ever, varies greatly in 
different species. In 
some cases the pith is 
wide, while in others it 
is narrow. It may be : 
wide and transitory and 
its early disappearance 
result in a hollow stem. ^ 

The vascular bundles J 
vary considerably in 
number and size, while ~]f" 

the pith rays and cortex 

• T.T rpr Fig. 121. network of latex tubes of a rubber 
vary in width, ihus, , 

r . tree (Manihot glaziovu) 

while there is a remark- - ' 

able uniformity in the general plan of the dicotyledonous stem, 

there are at the same time considerable differences in detail. 

^ Bundles which have the phloem only on the outside of the 

xylem are called eollateral bundles. The bundles of some plants 

have phloem on both the outside and the inside of the xylem 

(Fig. 120) and are known as hieollateral bundles. 

Resin ducts. IMany plants contain intercellular passages filled 
with resinous substances and known as resin ducts. They are 
formed either by the separation of neighboring cells (Fig. 121) 
or by the disintegration of cells. Turpentine is obtained by cutting 
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through the resin ducts of pine trees, after wliieli the turpentine 
exudes and is . collected. Various ' kinds of varnish and other 
resins are obtained by the same iiiethod from other trees. 

Resin duets are, essentially, long passages surrounded by glan- 
dular cells. They occur not only in stems but also in other parts 
of plants. 

Internal glands. Resin canals are one t 3 ^pe of internal gland, 
of which a number of other forms occur in various plant organs. 
Internal glands frequently contain essential oils. These oils are 
volatile and are usually verj" odoriferous. W ell-known examples 
are eucalyptus oil and the oil from orange peel. The latter 
occurs in large oval glands. These glands originate in the split- 
ting apart of certain cells, but are formed largely by the breaking 
down of cells containing the oil. The disintegration of the cells 
brings the oil into the large cavity of the gland (Fig. 122). 

Latex tubes. Milky juice (latex) is found in long, branching 
tubes known as latex tubes (Fig. 12S). In many cases neighbor- 
ing tubes become connected, thus forming a network (Fig. 124). 
When these tubes are cut, the latex exudes as a white, wateiy 
juice with a milky appearance. Rubber, gutta-percha, opium, 
gum chicle (the chief base of chewing gum), and other valu- 
able substances are derived from coagulated latex. The tapping 
of rubber trees consists in cutting the tubes and allowing the 
latex to exude. 

Latex tubes are formed in two very different ways. In some 
cases rows of cells lose their cross walls and become trans- 
formed into latex tubes, as in Para rubber bmsiUemk). 

In other cases the tubes are not part of the tissues produced 
from either the apex of the stem or the cambium, but result 
from the growth of tubes found in the seedling. As tlie stem 
grows in length, or as other organs are formed, these latex 
tubes also grow and push their way between the cells of the 
newly formed tissues. 
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SuMMAsr OF Principal Tissues in a Dicotyledonous Stem 

Epidermis 
Epidermal cells 
Guard cells 
Tricliomes 
Cortex 
Goilencliyma 
Parenchyma 
Starch sheath 
Stele 
Perieycle 
Parenchyma 
Sclereiichyma 
Pith rays 
Parenchyma 
Pith 

Parenchyma 
Vascular bundles 
Phloem 
Sieve tubes 
Companion cells 
Phloem parenchyma 
Cambium 
Meristematic cells 
^ , Xylem 

Tracheary cells 
Vessels f Spiral 
and J Annular 
Tracheids [ Pitted 
Wood fibers 
Wood parenchyma 


ANATOMY OF MONOCOTYLEDONOUS STEMS 

Monocotyledonous stems are similar to dicotyledonous stems 
in having an epidermis, a cortex, and a stele. The cortex may 
be well developed and sharply marked off from the stele, or it 
may be very narrow and inconspicuous (Fig. 126). It is in 


130. ':v. - A, TEXTBOOK,.. OF - GENERAL BOTANY 

the structure and arrangement of the bundles that monocaAyle- 


donous stems differ markedly from dicotyledoiious stems. 
Votele. The vascular bundles of nionocotyledorioiis stems, 
instead of being arranged in a cylinder as in dicotyledonous 



Fig. 125. Cross section of a monocotyledonous stem, Saccliarum sponfcmewn 
The (lark oval areas are cross sections of vascular bunclles. ( x 25) 


stems, are usually scattered throughout the stele, ineliiding the 
pith, so that tliere is no distinction between pith and pith rays 
(Figs. 125, 126). Sometimes the center of the stele is free 
from vascular bundles and is occupied by parenchyma cells, 
which dry up and disappear at an early stage, resulting in a 
hollow stem, as in most grasses, including most bamboos. 
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X-'^scular bundles. The yascular bundles of monocotyledonous 
stems are like those of dicotyledonous stems in eonsisting -of 
xylem toward the center of the stele and phloem toward the 
periphery. They differ, however, in not having a cambium 
layer, such as is found in dicotyledons (Fig. 127). This is 



Fig. 126. Vas- 

cular bundles 
dissected out 
of an inter- 
node of sugar 
cane, (x i) 



Fig. 127. Cross section of a vascular bundle of 


sugar cane (^SaccJiarum officinm'um') 

j), parenchyma,* s, sclerenchyma of bundle sheath ; 
tt, air space ; av, annular vessel ; su, spiral vessel ; 
pitted vessel ; sieve tube ; sp, sieve plate ; c, 
companion cell, (x 185) 


connected with the fact that monocotyledons usually do not 
have secondary thickening. Each bundle is generally more or 
less completely surrounded by a sheath of selerencliyraa cells, the 
hundle sheath (Figs. 127, 128), which is particularly well devel- 
oped on the sides toward the center and toward the periphery 
of the stem. The phloem consists mostly of sieve tubes and com- 
panion cells, and the xylem of vessels and wood parenchyma. 
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The strands of selerenchyma around the bundles of some 
plants are extracted and used in various ways as fibers. Maguey 
and sisal fibers are the strands of sclerenchyma around ' the 
bundles of the leaves of species of Agave (Fig. 119), while 



Fig. 128 . Longitudinal section through a vascular bundle of sugar cane 


(Saccharum qfficincirutii) 

p, parenchyma; s, sclerenchyma of bundle sheath ; a, air space ; av, amiuiar 
vessel ; sr, spiral vessel St sieye tube, (x loO) 

abaca (Manila hemp) is composed of similar strands from the 
leaf bases of Mum textilis, a plant which is almost identical 
with the banana in appearance. 

The aiTaiigement of the different elements in the bundles of 
corn and sugar cane is characteristic of many monoeotyledonous 
bundles (Figs. 127, 128). In these cases the bundles are sur- 
rounded by a sclerenchyma sheath which is widest on the sides 
toward the center and toward the periphery of the stem. On 
the side near the interior of the stem, just within the bundle 
sheath, there is usually a conspicuous aii- space. Next to this 
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AXATOMY OF CONIFEROUS STEMS 

^ bundles in stem of 

In coniferous stems the general arrange- Ckinatis 
meixt of the various tissues is very similar Modified after mgaii 
to that in dicotyledonous stems. The same 
type of secondary thickening occurs in both kinds of stems. 
T-lie most conspicuous differences are that the xylem of conifers 
contains only traeheids and wood parenchyma, and that com- 
panion cells are not found in the phloem. 

Since the xylem of conifers does not contain fibers or vessels 
(Fig. loO), the traeheids serve both as water-conducting and as 
strengthening elements. Traeheids are not so well fitted for 
conducting water as are vessels. The small size and xerophytic 


there are frequently two elements of the protoxylem ; the first 
is an annular vessel and the second is a spiral vessel. On both 
the right and the left side of the bundle is found a large 
vessel which is pitted or narrowly x,eticu late. Between the 
laigei \essels are smaller, tracheary elements. The phloem is 
next to the peripheral part of the bundle sheath and contains 
conspicuous sieve tubes and companion cells. 

The number of vessels varies in monocoty- 
ledonous bundles. In many cases there is 
only one large vessel, instead of two as in 
corn and sugar cane. 

COURSE OF BUNDLES IX STEMS 

A bundle extends up the stem and then 
passes out into a leaf. The bundles from 
leaves in the upper part of the stem enter 
tlie stem, pass down, and at a lower node 
join with other bundles. In this way the 
vascular elements in the stem become con- 
nected with new leaves. At the nodes bun- 
dles branch, while branches of different 
bundles coalesce (Fig. 129). 
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structure of coniferous leaves (Fig. 475) probably have some 
connection with the absence of vessels in coniferous stems. 

Most coniferous trees 
LJM (Figs. 477, 478, 498) re- 

tain their leaves for sev-' 
eral years, — in temperate 
countries throughout the. 
long, cold winteiv when the . 
dicotyledonous trees, .lose, 
their leaves. In the nils- ., 
cussion of leaves it was 
pointed out tliat the loss of 
leaves by deciduous trees 
is a method of restricting 
the rate of transpiration at 
times when the roots are 
not able to absorb enough 
water to replace that which 
would be lost by the fo- 
liage. The deciduous tree 
without its leaves is one 
of the most perfectly pro- 
tected of plant structures, 
since ■ all the' 'exposed 'por-; 
tions are e.ff ectively "cov- 
ered by the , impervious bud 
, scales ' and bark.' The ' low;., 
rate of transpiration from 
coniferous leaves is proba- 
bly connected with the ability of these trees to retain their 
foliage throughout the cold winter. At such times coniferous 
trees have some advantage over dicotyledonous ones in that 
they can carry on photosynthesis. In the tropics conifers 
very rarely occur at low elevations, while they flourisli in 
high mountainous regions where the rate of evaporation is 
always low. 



Fig. 130. Cross section of a small portion 
of the wood of a redwood tree, showing 
xylem on both sides of a pith ray 

The small cells in the lower part of the 
drawing are the last of the wood cells formed 
during a summer, while the large cells above 
them are the first xylem cells formed during 
the next spring. The fact that much larger 
cells are formed in the spring than later in 
the summer results in the marking of the 
wood by annual rings of growth, (x 275) 
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AREAKGEMENT OF MECHANICAL TISSUES 

Mechanical tissues. The plant body obtains strength from 
three general types of cells: 

1. Pareneliyma cell% whose rigidity is due almost entirely to 
osmotic pressure. Parenchyma tissue is weak and so must be 
present ill considerable bulk in order to give any great amount 
of strength. 

2. Oollencliyma cells, which are living cells and have their 
walls thickened at the angles where three or four cells meet 
(Fig. 25). These cells get their rigidity from the thickened 
walls, as well as from turgor, and are therefore much better 
strengthening material than are parenchyma cells. As they are 
living cells whose walls can be stretched, they are especially 
fitted for strengthening the growing portions of a plant. 

3. TJiichwalled dead cells (Figs. 117, 119), including the 
sclerenchyma of the cortex and pericycle and the wood fibers. 
The wood fibers are elongated dead cells with very thick walls. 
Sclerenchyma cells are stronger than parenchyma or collenchyma 
cells and are the principal strengthening material of old stems. 
As they are dead cells with very thick walls, they are not 
suited to give strength to growing parts. Thick-walled tracheids 
may be very similar to sclerenchyma in their mechanical property. 

Girders. The arrangement of the strengthening material is 
different in leaves, in stems, and in roots, and is suited to the 
special stresses which these various organs have to wuthstand. 
In order to understand this arrangement it will be convenient 
to consider the stresses occurring in a girder, or beam. If a beam 
of wood or other material is supported at both ends and weighted 
in the middle, the upper surface will be subjected to compression 
and the lower surface to tension, or stretching.. Going from the 
uppev surface to the lower, we find that the compression decreases 
as the center is approached and at the center it becomes zero. 
The stress is then changed to tension, which gradually increases 
toward the lower surface. It will thus be seen that the greatest 
stresses in a beam are at the upper and lower surfaces and the 
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least stress is in the center. For this reason, it is usual to con- 
struct a beam in such a manner that it is more massive or com- 
posed of stronger material at the upper and lower surfaces than 
in the center. A usual form is the I-beam (Fig. 131). In this case 
the material is expanded at the upper and lower surfaces and 
connected by a much narrower portion. The extensions at the 
surfaces are called flanges. In bridge construction the connecting 
portion, known as the web, is frequently made of latticework. 

Mechanical tissues in 
leaves. In a leaf we have 
different conditions from 
those just discussed, in 
that the leaf is supported 
at only one end. The 
weight of the leaf gives it 
a tendency to bend down- 
ward so that its upper 
surface is stretched, or 
under tension, while its 
lower surface is under 
compression. As in the 
other case, the greatest 
stresses are at the upper and lower surfaces and the least stress 
is in the center. Tins arrangement, therefore, calls for longi- 
tudmal girders in which the strongest material is near the 
outer surfaces. The midrib and larger veins of the leaf repre- 
sent the girders. The principal strengthening material in these 
is usually collenchyma, and this is generally found as a broad 
band near the upper and lower surfaces just within the epi- 
dermis (Fig. 24). The collenchyma, therefore, represents the 
flanges of an I-beam, while the tissues between the two bands 
of collenchyma represent the web. The larger veins of grasses 
usually have sclerenchyma near the upper and lower surfaces, 
and so act as girders (Fig. 31). 

Mechanical tissues in stems. If a column, such as a tree trunk, 
were supporting an evenly distributed weight, the manner in 


Fig. 131. I-beam 


The wide portions at the top and bottom are the 
flanges j the narrow connection is the web 
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EiGr. 132. Diagram of cross sec- 
tion of a compound girder com- 
posed of I-beams, the webs of 
which have a common center 


wMcli the strengtlieniiig material was arranged would, theoreti- 
cally, make comparatively little difference. The only stress 

would be a downward pressure, 
or compression, the resistance to 
which would depend more on the 
cross-sectional area than on the 
arrangement of the strengthening 
material. Actually, however, such 
a condition is seldom attained; for 
the column, be it the stem of a 
plant or the support of a building, 
rarely remains permanently verti- 
cal. When the stem of a plant be- 
comes inclined, as by the action of 
the wind or by the weight of the 
branches, the side that is upper- 
most tends to become stretched, or 
develops tension, while the lower side is subjected to compres- 
sion. It therefore becomes important to have the strengthening 
"material distributed near the upper 
and lower surfaces, or, in other words, 
in the form of an I-beam. As the 
plant is likely to bend in any direc- 
tion, however, and thus may develop 
stress on any side, it is advantageous 
to have a number of these girders, 
wdth the webs crossing each other 
and the center of each at the center 
of the stem (Fig. 132). In the four- 
cornered stems of such plants as the 
mints or coleus the corners are occu- 
pied by a conspicuous development 
of collenchyma (Fig. 133), which 
thus forms the flanges of two I-beams, the webs of which are 
crossed. In many plants there are strands of selerenchyma out- 
side of each vascular bundle (Fig. 134), and in such cases two 


Fig. 133. Diagram showing 
arrangement of vascular bun- 
dles and collenchyma (dotted 
area) in a four-cornered stem 
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strands on opposite sides of the stem represent the flanges of an 
I-beam. Tins sclerenehyma, which is near a bundle, not only 
serves as one of the flanges of an I-beam but also is in a position 
to protect the delicate elements of the phloem. When the edges 
of the flanges of such a compound girder as that shown^'in 
Fig. 132 are connected, there is no necessity for the webs ; and 
if they are absent, a hollow cylinder results. This type of con- 
struction is very frequently found in plants and is particularly 

evident in hollow stems, such as 
those of most grasses. In many 
plants the sclerenehyma is arranged 
m the form of a hollow cylinder 
(ligs. 113, 136). Such hollow cyl- 
inders are, as a rule, near the outer 
surface of the stem. The strength- 
ening material of the growing part 
of a stem is usually collenchyma, 
and this is generally arranged in the 
form of a hollow cylinder just within 
the epidermis (Figs. 134, 136). 

The foregoing discussion of the 
arrangement of the strengthening 
material in the stem applies partic- 
ularly to herbaceous and young 
111 the case of trees the de- 
velopment of a massive column of wood takes the place of the 
strengthening material that was used in the young stem. 

Tissue tensions. The location of thick-walled mechanical cells 
near the periphery of an organ with thin-walled parenchyma cells 
m the center gives rigidity in another manner besides that just 
considered. Thmk-walled cells, particularly dead sclerenehyma 
cells, offer considerable resistance to any tendency to stretch 
hem. On the other hand, thin-walled parenchyma cells tend to 
stretch, owing to their turgidity. The stretching of the paren- 

wh^h ‘^^^cked by the strong, thick-walled cbJls, 

hich are themselves under tension, owing to the tendency of 


Fig. 134. Diagram of a dicoty- 
ledonous stem, showing scle- 
renchynia (hatched areas) just 
outside of each bundle, and col- 
lenchyma (dotted area) forming 
a hollow cylinder within the 
epidermis 
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the parenchyma to stretch them. These two strains, working 
against each other, produce rigidity in somewhat the same way 



Fig. 136. Diagram of a dicoty- 
ledonous stem with a scleren- 
chyma ring (hatched area) 
outside of the vascular bun- 
dles and a ring of collenchyma 
(dotted area) just within the 


as in a turgid cell, in wliicii the con- 
tents, which have a tendency to swell, 
are compressed by the stretched cell 
wall, or as in a rubber tube when air 
or water is compressed within the 
tube. The compression of inner by 
outer tissues can very easily be dem- 
onstrated with stems or petioles of 
many herbaceous plants. Fig. 136 
shows a piece of a large petiole which 
was cut off evenly at both ends, after 
which the outer and inner parts were 
separated at the upper end by a cy- 
lindrical cut. The central portion, 
which was under compression, being 


epidermis freed from the 

outer part, elon- 
gated and so projected beyond the latter, 
which contracted slightly. 

Mechanical tissues in monocotyledonous 
stems. In many monocotyledonous plants 
the arrangement of the strengthening ma- 
terial is very similar in principle to the 
re&iforcing of concrete in a concrete struc- 
ture. The concrete withstands compression, 
while the iron rods withstand the tension 



due to movement etc. In monocotyledon- 
ous plants the parenchyma withstands the 
compression, while the sclerenchyma strands, 
which are connected with the vascular 
bundles, withstand the tension (Fig. 125). 


Fig. 136. Demonstra- 
tion of tissue tension 
in a petiole of ele-- 
phant’s-ear {Alocasia 
indicd), (x |) 



A very excellent example of this is abaca, or Manila hemp. This 
pMnt, whose appearance and structure are almost identical with 
those of the banana (Fig. 66), has a massive trunklike portion 
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composed largely of the soft tissues of the leaf bases, through 
which run the long sclerenchyma strands that are the abat^ 
of commeree. The sclerenchyma can withstand considerable ten- 
sion, wlnle the massive development of parenchyma withstands 
the compression. 

Mechanical tissues in roots. The roots of a plant serve to 
anchor it m the ground. They act like cables, and the princi- 
pal stress to which they are subjected is longitudinal tension 
01 pull. It is evident that when a plant is blown by tlie ivind 
the roots on the side from which the wind is eoniino- are 
subjected to longitudinal tension, and if they are not stroim 
enough to withstand this they break and the plant is blown over'’ 
Ihe best arrangement of material to withstand this tvpe of stress 
IS m he form o a cord. In roots the vascular bundles Ind 
stiengthening materials are usually much more centrally located 
laii they are in the stem, the center being frequently occupied 
by thick-wallecl elements. Compare Kgs. 113 and 187. 

MOVEME^^"T OF MATERIALS IN STEMS 

“ ^^ater travel in the 
sieve tubes. The direction of the movement may be either up 

or down, according to where the protein is to be used or stored 

ot the direction of movement of proteins applies also to the 
carbohydrates. The carbohydrates move from cell to^cell only 
when they are in solution in water ^ 

in ftf usually „„ve 

frequently found in consideralile quan- 
tit es in the vessels when food material is being transported on 
a large scale from storage regions to rapidly growimr oraans 

'^'’SinuinK ot fl.e period of ^r„°vrth’ 

LmTeT lu such caeoe the carbohjehatee 

oittuse trom the parenchyma into the vessels and are carried 

upward to the expanding foliage or inflorescences. This is eon 
spicuously true of the sugar maple, and explains why a solution 
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of sugar is obtained from this tree by boring into the wood in. 
the spring. A similar phenomenon is observed in the exudation 
of sweet sap from tapped infloresceiice stalks of palms, such as 
the coconut (Figs. 137, 138). Such sap is frequently used for 
nianufacturing alcohol or sugar. 

Water. The movement o:^ water upward in the stem takes 
place in the vessels. This can be very clearly shown by cutting 
off a stem and placing the lower end in a colored solution. If 
the stem4s cut across, it will be found, after sufficient time has 
elapsed, that the colored solution is inside the vessels. Water 
enters the outer cells of the roots, passes tlirough the cortex 
into the stele, and enters the vessels. It then passes through 



the vessels of the root to those of the stem, and through these to 
the leaves, flowers, and fruits. Tlie loss of water by transpira- 
tion from the chlorenchyma cells tends to increase the concentra- 
tion of the contents of these cells. By osmosis and hydration 
of colloids the chlorenchyma cells draw water from the vessels, 
and so replace that which is lost through transpiration. 


SECONDARY THICKENING 


Formation of cambium. The vascular bundles of dicotyledons 
contain a single layer of cambium cells, which separates the xylern 
from the phloem (Fig. 113). While the other cells formed by 
the division of the meristem in the tip of the stem are being 
differentiated into permanent tissue this layer of cambium in 
the bundles remains meristematic. When the primary xylem 
and the primary phloem are first differentiated, there is no cam- 
bium across the pith rays to connect the edges of the cambium 
in the bundles. After the differentiation of the primary tissues 
the parenchyma cells of the pith rays, which lie between the 
edges of cambium in the bundles, divide in a plane at right 
angles to the radial direction of the rays and form a layer of 
cambium across the pith rays. The beginning of this process 
is shown in Fig. 113. The newly formed cambium connects the 
cambium in the bundles, and this results in the formation of 
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a continuous ring of cambium in the region between the xylem 
and the phloem (Fig. 139). In trees the region outside the 
cambium is known as hark, while that 'inside is known as tvood. 
Usually the bark can be readily separated from the wood, as 
the cambium cells are 'soft and weak and cap. be easily broken. 






Fig. 139. A cross section of a young stem of a tropical tree, ylang-ylang 
{Canangiwn odoratam), in which there has been some secondary thickening 

The wood is composed chiefly of wood fibers and large vessels. The bark has 
an alternation of bands of phloem and strands of thick- walled bast fibers, (x 40) 

Activity of cambium. The cambium layer consists essentially 
of a single layer of cells. These cells divide in a direction par- 
allel with the epidermis. Each time a cell of the cambium di- 
vides into two, one of the daughter cells remains meristematic, 
while the other is differentiated into permanent tissue. If 


in 


II; 
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Pig. 14-0. A vascular bundle in a cross sec- 
tion of a x>ortion of a young stem of a tropical 
tree {Muniingia calahnra) which has undergone 
some secondary thickening 

The xylem is composed largely of vessels and 
wood fibers. In the phloem region there is an 
alternation of bands of thick- walled bast fibers 
and thin-vrailed phloem cells. A secondary pith 
ray is shown in the center of the bundle. ( x 70) 


the cell that, is differ- 
entiated is next ' to, the 
xyle.m, ,it formS' .xylem, 
while if it , is ■ next to 
the phloem, it becomes 
phloem. In this way 
new cells are: added 
to the xylem and the 
phloihn, and the bun- 
dles increase in size 
(Figs. 1?]9, 140). While 
there is more or less al- 
ternation in tlie pro- 
duction of xylem and 
phloem cells from a 
cambium cell, more 
cells are formed on the 
xylem side than on the 
phloem side. 

The cells formed 
from the cambium in 
the region of tlie pith 
rays become pith-ray 
cells. The activity of 
the cambium thus in- 
creases the length of the 
pith rays, so that the 
bundles and pith rays 
grow equally. 

The formation of new 
cells from the cambium 
results in an enlarge- 
ment of the stem that 
is known as the second- 
ary thickening. The 
formation of new cells 
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in secoiidarj thickening continues 
throughout the life of the plant. 
It is in this way that the trunks of 
trees continue to grow in diameter. 

After the cells which are to form 
xylem or phlomnare cut off from 
the cambium, they undergo one or 
more tangential divisions before be- 
ing differentiated into permanent 
tissue. In this way the cambium 
frequently comes to be bordered on 
both sides by cells which are very 
similar in appearance to cambium 
cells. The result is that on super- 
ficial observation the cambium ap- 
pears to be several cells thick. 

Bast fibers. In the secondary 
phloem there is very frequently an 
alternation of bands of thick-walled 
sclerenchyma fibers (known as bast 
fibers) and bands of thin-walled 
phloem cells (Figs. 139, 140). The 
bast fibers are like other scleren- 
chyma cells in being elongated, 
pointed, thick-walled dead cells 
whose function is to give strength 
to the group of tissues in which 
they occur. The term hast fiber is 
frequently used in a collective sense 
to denote the sclerenchyma fibers 
of the cortex, the pericycle, and the 
phloem. Strands of bast fibers have 
long been used by man for indus- 
trial purposes, having furnished 
early savages wdth bowstrings and 
material for cloth. Among the 


Fig. 141. Cross section of the 
secondary wood of a linden stem 

Hows of cells extending from top 
to bottom, pith rays ; large, thick- 
walled openings, vessels; smaller 
empty cells, wood fibers; small cells 
with gray contents, wood paren- 
chyma. An annual ring ends wi 
the small cells in the lower part 
of the drawing ; another begins 
with the large vessels and ends near 
the top, just below" the large vessels 
of the succeeding ring. 
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best-known commercial bast fibers arc flax (from which lirieii 
cloth is made), hemp, jute (much us(m 1 in makiiig coarse sacks), 
and ramie (the so-called China grass). 

Annual rings. In regions with a ^'cry proiioiinced cold season 
the diameter growth of woody |>lants takes place only during 
the spring and summer, and not in the winter. The wood of 

one season is sharply 

production of the ves- 

,sels ■ early. '' ■ in’"' the 

son is advantageous 
to trees in several 
respe'cts, and Is ''con- 
nected with their sea- 
sonal activities. In actively growing trees the number of leaves 
increases each year, and as all the foliage for a year is expanded 
during the early part of the growing season, additional vessels 
are needed at that time to supply the increased foliage. More- 
over, the vessels in the leaves formed during one season are 
directly connected with the wood produced that same season ; 
so, for this reason also, it is advantageous for the vessels to be 
formed as soon as possible, even when, as in trees past their 
prime, there is no increase in the number of leaves. In the case 
of coniferous trees similar conditions obtain, and the tracheids 


Fig. 142. Cross section of a three-year-old 
linden stem 

In the center is the pith surrounded by tliree an- 
nual rings of wood. In the bark are alternating 
strands of phloem and bast fibers 


Fig. 143. Cross section of a portion of a Fig. 144. Cross section of 
two-jear-old stem of tulip tree (Lirioden- a portion of a three-year-old 
dron tulipifera) stem of tulip tree (Lirioden- 

Near each side is a primary pith ray, while with three 

in the center is a secondary ray. 1, first an- annual rings of wood 

nual ling of wood; 2, second annual ring of Notice the primary, second- 

wood; r, pith ray; ca, cambium phloem; ary, and tertiary pith rays, 

s, bast fibers ; p, parenchyma; c, cork. ( x 65) ( x 76) 
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formed in the spring are niucli larger than those produced in 
the latter part of the growing season (Fig. 130). It is thus easy 
to distinguish the rings of wood formed in successive years in 

.either .dicotyledonous /(Fig. 142) 
or coniferous trees of the . temper- 
ate zones. These rings are called 
annual rings. ..Tlie ^vidth of „ the: 
annual rings varies with the envi- 
ronmental conditions at the time 
of tlieir formation ; .diirMg favora- . 
ble seasons Avider rings are pro- 
duced than during unfavorable 
seavsoiis. As each ring represents a 
single season’s growth, the age of 
a tree can be determined by coiinb 
ing the annual rings. Fig. 143 
shoAVS a section of a portion of a 
tAvo-year-old stern AAdth two rings, 
while Fig. 144 represents a por- 
tion of a stem Avith three narrower 
rings. Similar rings are sometimes 
produced in topical countries by 
the alternation of pronounced wet 
and dry seasons ; in this ease the 
fundamental physiological factors 
involved are essentially similar to 
those just described. In most trees 
groAving in tropical countries, wdiere 
there are no pronounced changes of 
season, there are no annual rings 
(Fig.140). 

Secondary pith rays. As the 


•■Oi 


•o 


Fro. 145. Diagram of secondary 
thickening iu a Avascular bundle, 
shoAving four annual rings, la- 
beled 1, 2, o, and 4, in xylem 
and phloem 

On botii sides of the bundle pith 
rays run from the pith, while pro- 
gressively shorter and shorter rays 
are found in the bundle. In the 
phloem region thick-Avalled scieren- 
chyma alternates with the phloem 

course of the secondary thickening 
continues, the outer edges of the xylem and the inner edges of 
the phloem m the bundles naturally become wider aud wider. 
They do not increase in width very greatly, however, before 


I 
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the cambium cells, which are at the center of the bundle, cease 
to form xylem and phloem but give rise to pith-ray cells. In this 
way new pith rays are formed hi the bundles (Figs. 140, 143-145). 
As the secondary pith rays do not extend to the central pith or 

to the outer edge of the 

phloem, they are not 
as long as the primary Z 
rays. When the sec- I 
ondary thickening lias ^ 
progressed farther, ter- 3 
tiary pith rays make j 
their appearance. They g 
are naturally not as | 
long as the secondary S 
rays. In the same way, 1 
as thickening proceeds, ^ 
other and progressively j 
shorter pith rays are j 
formed as is shown in 4 

Figs. 144 and 145. 

The pith rays extend Fm. 146. Cross section of wood of coral tree 
radially in the stem for (Erythrinafusca), a tree that has an ximisually 
considerable distances, large amount of wood parenchyma and in 

the pjimarv rays reach- wood , parenchyma and wood fibers 

. f 0 , . are exceptionally distinct 

mg from the pitli into 

, 1 I T ^ -j , , riie rows of cells containing starch grains are pith 

t le oaik 5 out tile ver- rays, the small thick-walled cells are wood hhers, 
tical extension is slight, the small thin-walled cells between them are 
The radial extension of parenchyma, and the large openings are 

the pith rays is of ad- vessels. (x 85) 

vantage, as tliey^ conduct food materials and water radially in 
the stem. A considerable vertical extension would offer no such 
advantage but would result in weak places where the stem 
could be ratlier easily split. The vertical extension of pith 
rays is seen very readily in tangential sections. Tangential sec- 
tions are longitudinal sections perpendicular to the pith rays 
(Fig. 147). 
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Heartwood and sapwood. The wood, of large tree trunks 
consists of an outer region known as saptoaod and an inner 
portion, the heartwood* The sap wood is usually light in color 
and from about a centimeter to several centimeters in thickness. 
In the sapwood the parenchyma cells are alive, and so it is in 
this portion of the wood that food is stored. Also, the ascending 

current of water moves 
in the sapwood, and not 
in the heartwood, which 
has practically no other 
function tlian that of 
mechanical support. The 
heartwood frequently has 
a darker color and is more 
resistant to decay than is 
the sapwood. Wood does 
not decay by itself, decay 
being due to the action of 
bacteria and fungi. The 
parenchyma cells of the 
FiGr. 147. Tangential section of wood of heartwood are generally 
coral tree (Erytlirina fusca) dead, but before they die 

A vessel is in the center, wood fibers with thick they usually produce tan- 
walls and pointed ends are at the sides, and nil! or some other an- 
the elongated, blunt-ended cells are wood , . ’ , . , . ; , • V 

parenchyma. The groups of cells containing material, which 

starch grains are pith rays, (x 75) permeates the walls of the 

neighboring cells. This ^ 

antiseptic material makes the wood more resistant to the attacks 
of bacteria and fungi, and it is for this reason, and also because 
the heartwood contains less food material than the sapwood, 
that the heartwood is generally more resistant to decay and to 
the attacks of insects than is the sapwood. The dark color of the 
heartwood is also usually due to tannin, resins, or gums pro- 
duced by the parenchyma cells. 

Weight of wood. The variation in weight of woods is very 
great, as they contain varying quantities of air, but the wood 
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substance itself has approximately the same weight in all species, 
being about 1.6 times as heavy as water. Therefore all woods 
would sink if they did not contain a considerable amount of air 
in the dead cells and intercellular spaces. When this air is 
removed, as after long submergence in water, the wood sinks. 
From the above it follows that the weight of a given wood will 
depend on . its density, that 
is, on the relative proportion 
of wood material and air. 

The density and weight nat- 
urally vary with the number 
of wood fibers and the thick- 
ness of their walls. Wood 
that contains a great deal of 
parenchyma and few fibers 
is light (Fig. 146), while 
wood composed largely of 
thick-walled fibers is heavy. 

Fuel value of wood. The 
fuel value of wood varies 
with its weight, as equal 
weights of wood produce 
equal quantities of heat. 

In general it may be said 
of woods otherwise equal 
that those light in weight 
kindle easily and flash 
quickly, the fire spreading 

' rapidly, while those that are heavy behave in the opposite way. 

The longitudinal arrangement of the fibers of wood explains 
why it is much easier to split it longitudinally than to cut 
across it. Wood splits most easily along the radii, on account 
of the radial arrangement of the pith rays. 

Wood pulp. Paper made from wood consists essentially of 
the fibrous elements, which are separated and then pressed to- 
gether into sheets. In making paper from wood the fibers are 



Fig. 148. Radial section of wood of coral 
tree (^Erythrina fusco,') 

The wood fibers and wood parenchyma have 
the same characteristics as in the tangential 
section (Fig. 147). The group of cells con- 
taining starch grains is part of a x^ith ray, 
(X 95) 
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separated, either by mechanical grinding or by boiling with 
chemicals. The loose fibrous material that is obtained in either 
of these ways is known as wood pulp. While wet, this pulp 
is combined with resin, clay, or other materials to give body 
and added strength, after which the pulp is pressed into paper. 



Fig. 149. Stages in the formation of cork of oleander (Neriuni oleander) 

Upper left, epidermis and outer part of cortex before the formation of a phel- 
logen layer. Left center, the epidermal cells have elongated and divided to form 
a row of epidermal cells and below tliis the phellogen layer. Ijower left, the 
phellogen layer has produced a single row of cork cells between the exhdennis 
and the phellogen. Eight, the uppermost row of cells is the epidermis, the next 
four rows are cork, while the sixth row from the top is phellogen, (x 250) 

Secondary changes in the bark. As the wood of the stem is 
enlarged by the cambial activity there is a tendency for the 
regions outside of the younger phloem to be stretched. This 
is partly compensated for by radial divisions of the parenchyma 
cells. When, however, there is a band of sclerenchyma, such 
as occurs in the pericycle of some stems (Fig. 11 3), the dead 
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ing up of this sclereiicliyma ring. 

The epidermis frequently increases in size by radial i 
and division, but it seldom happens that the epidermis 
fast enough to prevent r — --- 

it from being ruptured 
by the increase in size 
of the tissues within it. 

If the place of the epi- 
dermis were not taken 
by some other protect- 
ing tissue, the cracking ) 
of the epidermis would 
expose the underlying I 

tissue to an excessive 
rate of, evaporation and 
would also allow the 
entrance of disease- 
producing organisms. 

These contingencies are 
prevented by the for- 
mation of cork. 

Cork. Cork consists 
of dead cells which fit close together without intercellular spaces 
(Fig. 149). The walls of cork cells are impregnated with a waxy 
substance, suberin, which makes them practically impervious to 
water. Cork is familiar in the form of ordinary cork stoppers, 
which are obtained from the cork oak of Spain, on which cork 
is exceptionally well developed. Cork not only restricts tran- 
spiration but, like the epidermis wdiich it replaces, hinders the 
entrance of parasites and affords mechanical protection. 

Phellogen. The cork is formed from a layer of secondary 
meristem known as the phellogen. In stems the first phellogen 


Fig. 150. Early stage of cork formation in 
Ixora Jinlaysonkma. (x 250) 
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usually arises in the outermost layer of the cortex or in the 
epidermis , (Fig. 149) by a tangential division of, the .cells,' but 
it may have its origin in a deeper layer (Fig. 150). When the 

phellogeii is formed 
by tangential divi- 
sion of the epidermis, 
the outer layer of 
cells remains epider- 
mal, while the inner 
becomes the phello- 
gen. When the out- 
ermost layer of the 
cortex by tangential 
division gives rise to 
Fig. 151. Beginning of lenticel formation under phellogen, it is the 
a stoma of mulberry (^Morus alba), (x 230) outer layer that be- 
comes phellogen. As. 

the phellogen is formed by the division of cells wdiieh had pre- 
viously lost all the characteristics of meristematic cells, it is 
called secondary meristem. After the phellogen layer is formed, 



Fig. 152. Lenticel of mango {Mangifera indica) 

Note the phellogen layer extending under the lenticel. (x 95) 


it divides tangentially and gives rise to radial rows of cork cells 
toward the exterior (Fig. 149) of the stem, and frequently to 
parenchyma cells toward the interior. The cork cells soon be- 
come suberized and die. Also, the cutting off of the water supply 
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Fig. 153. Abscission 
layer at base of a mul- 
berry leaf (il/orws alha). 
(xl) 


of the ceils that are exterior to the cork results in their deatli^ 
and after a time they peel off and disappear. 

The first-formed phellogen does not fun c- 
indefinitely but is replaced by another, 
if :;-S produced in the underlying tissue. The 

/Bll' lli phellogen is likewise replaced by a 

in C)n until the phellogen may 

' come to be formed in the secondary phloem. 

older parts of the bark tend to peel 
VS|y||| cff, the bark of old trees may consist only 
secondary tissues, the cortex, perieycle, 
Ufc and primary phloem having been shed. 

Lenticels. Stomata 
|Mi« allow for an exchange 

I of gases through an IflsiiTl 

^%||l epidermis, and in the 

same way the len- 

F.». 153. AbsoMo. ‘“t “ iiiii 

berry leaf (il/orwsa/i'oi). I'l^^ough the cork. 

(X 1) Lenticels are formed 

under the stomata 
(Fig. 151) and consist of radial rows of 
cells with intercellular spaces (Fig. 152), 

Like the cork cells they are formed from 

the phellogen. The intercellular spaces Sfe-’-'-S 

allow for an exchange of gases. * 

Leaf fall. The fall of leaves is brought 
about by meristematic activity of cells ;•• 

across the base of the petiole. These pro- Fig. 154. A girdled tree 

duce layers of parenchyma cells which trunk, showing greater 

j * V A p growth above than below 

separate and cause the leaves to fall * 

't r'O'x rryt t i til© WOUHd 

(Jbig. loo). The scars are protected by 

lignification and suberization of the exposed cells and by the 
formation of a layer of cork continuous with that which covers 
the stem. 




Fig. 154. A girdled tree 
trunk, showing greater 
growth above than below 
the wound 
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Healing of wounds. When a cut is made into the wood of a 
dicotyledon or a conifer, the cambium cells adjoining the wound 
area proliferate and produce what is known as a callus. This 
grows over the wound and covers it (Fig. 155). A phellogen 
layer is produced in the outer part of the callus, while a cam- 
bium, which is continuous with that in the stem, is formed in 
the interior. As the edges of the callus grow together over the 
wound the edges of the cambium also coalesce. 


Removal of a strip of bark and cambium all the way around 
the trunk of a tree is called girdling. If the strip removed is 



Fig. 155. Stages in healing of wound caused by removal of branch 


sufficiently wide, the tree will be killed, because this operation 
destroys the food-conducting tissues which supply the roots. 
Some plants will recover from girdling if the strip removed is 
not too wide, as the wound may heal by the production of a 
callus and the subsequent foimiation of new conducting tissues. 
When a tree is girdled, the part of the trunk above the wound 
grows much faster and produces a much larger callus than that 
below it (Fig. 154), as the part above the wound is abundantly 
supplied with food material, while the part below is not. 

Pruning. In trimming a tree, branches should be cut off even 
with the trunk, and no portion of a dead or amputated branch 
should be left if the wound is to heal properly. Stumps of 
branches are not in the direct line of the movement of food 
materials and usually die quickly if they do not send out new 
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shoots. A callus formed from the mala stem then starts to grow 
out over the stump, but before the stump is covered it begins 
to decay, as is clearly illustrated in Fig. 156. The decay extends 
into the wood of the main branch and trunk, with the result 
that the tree becomes hollow. For similar reasons, if a twig 
is to be cut back but not removed, the cut should be made a 
little above a bud and not in the middle or upper part of an 
internode. If a portion of an internode is left, it dies and its 
presence interferes with the closing of the callus over the wound. 


Fig. 156. Dead stumps, showing how decay may enter a tree trunk 

Budding and grafting. Budding and grafting consist in insert- 
ing a part of one plant into another in such a way that a per- 
manent union is formed and the inserted piece continues to grow. 
The part which is inserted is known as the scion, and the plant 
into which it is inserted is called the stoch The success of the 
operation depends primarily upon bringing the cambium of the 
scion into contact with that of the stock. 

Budding consists essentially in removing a small piece of bark 
with a bud and little or no wood from one plant and inserting 
it under the bark of another plant (Fig. 157). The piece in- 
serted is known as the Imd, The usual method is called shield 
budding, on account of the shieldlike shape of the bud. In this 
method an oval piece of bark with a bud is cut from one twig. 
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The stock is usually cut off above the place where the bud is 
to be inserted, while at the place of insertion a T-shaped slit 
is made through the bark into the cambium. The flaps are then 
loosened and the bud is inserted under them. The preparation 
is bound tightly to insure close contact of the inner surface of 
the bud with the cambium of the stock and to prevent the bud 



Pig. 157. Budding and grafting 
Left, budding ; center, whip grafting ; right, cleft grafting 


from getting out of place. The junction should then be very 
carefully sealed with grafting \vax to prevent loss of moisture. 

Grrafting consists in cutting off a piece of stem of one plant 
and inserting it into another. The common method of grafting 
when the stock is large is known as cleft grafting (Fig. 157). 
The scion consists of a small piece of twig witlr several buds. 
Its base is cut like a wedge. A vertical cleft is made into the 
decapitated stock and the scion inserted so that its cambium 
comes in contact with that of the stock. The wound is covered 
with wax to prevent drying. Whip grafting is employed on 
small stocks. In this method both stock and scion are cut 
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obliquely and a vertical cleft is made in each. Stock and scion are 
then fitted hito each other so that the eanibiiims are in contact. 
Ihey aie then tied together and the junction is sealed with wax. 


GROWTH 

The growth of a plant is usu&fly accompanied by the aildition 
of new material, but growth may consist in the rearrangement 
of materials already present. The latter is evidently the case 
when a potato or an onion sprouts in a dry, dark place, as under 
these conditions it is impossible for a plant to absorb water or 
mineral matter or to carry on photosynthesis. Growth in such 
cases is accompanied by an actual loss in weight, due to the 
bieaking down of compounds in the process of respiration. This 
is necessary for the release of the energy used in the rearrangement 
of the materials taking part in the new growth. 

Grand period of growth. If the formation and growth of a 
plant organ or a limited part of a plant are considered, it will 
be found that during its formation the rate of growth is slow. 
As it becomes older it grows more rapidly up to a certam period, 
and then more and more slowly until it is mature and growth 
ends. The total growing period is known as the grand period of 
growth. It can be divided arbitrarily into three stages, or phases, 
which necessarily overlap. The first is the phase of formatimi, 
during which the organ or other limited part of the plant has 
its initiation. The chief activity during this period consists hi 
the multiplication of cells, and the rate of growth is relatively 
slow. Before the cells have ceased to divide, the part concerned 
enters into the next phase, that of enlargement, durhig which 
the cells enlarge and approach their mature size. This enlai'ge- 
raent takes place with relative rapidity, and any part of a plant 
makes its most rapid growth while in this phase. After the cells 
have reached approximately their mature size, they enter the 
phase of maUiration, during which they assume their mature 
characteristics. A part of a plant in this phase grows slowly, as 
the cells have, to a great extent, ceased enlarging. 
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EFFECT OF EXTERNAL FACTORS ON GROWTH 

Water* An abundant supply of water is very essential to tlie 
most rapid growth of plants. It is a well-recognized fact that 
plants which lack water grow more slowly and produce smaller 
quantities of dry material than do plants that are abundantly 
supplied with water. 

Any part of a plant, in order to grow, must contain enough 
water to be turgid. When cells or plant organs lose their tur- 
gidity, they decrease in size. Leaves, fruits, or stems may lose 
more water on a dry, sunny day than they absorb, and actually 
bec(jme smaller than they were during the preceding night. 1 1 is 
therefore necessary for normal growtii that a plant should be able 
to obtain not only enough water to replace that which is lost 
through transpiration but, in addition, enough to fill the newly 
formed tissue. The amount needed for growth is very small as 
compared with that lost through transpiration. 

The actual rate of transpiration is not so important as is the 
ratio between water lost and water absorbed. It is highly im- 
portant that the daily rates of transpiration and of water absorp- 
tion should be so balanced that the water absorbed is sufficient 
to replace that lost by transpiration and to support new growth. 
Excess of water loss over water absorption may be brought 
about either by a high rate of evaporation or by a low moisture 
content of the soil, or by a eoinbination of these two. This con- 
dition can usually be remedied by either decreasing the rate of 
evaporation or increasing the water content of the soil. In agri- 
culture the method most generally practiced is to supply water, 
as by irrigation. 

Heat. At very low temperatures plants do not grow. The 
minimum, or lowest, temperature at which a plant will gvow 
varies with different species, but 4° C. may be regarded as an 
average minimum temperature for many plants. As the tempera- 
ture increases beyond the minimum the rate of growth becomes 
more rapid until the optimum temperature is reached. This 
optimum temperature also varies with different species, but 
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probably averages from 28° to 30° C. If the temperature rises 
beyond the optimum, the rate of growth decreases until a tem- 
perature is reached above which no growth takes place. This 
temperature is known as the maximum. The minimum and the 
optimum temperatures for growth vary not only with different 
species but also with changes in other environmental conditions. 

The effect of tem- 
perature is not con- 
fined to the direct 
action of favorable or 
unfavorable tempera- 
ture on the rate of 
growth. Thus, trees 
from the temperate 
zone do not thrive 
in the tropics, where 
the temperatures are 
favorable to growth 
throughout the year. 

Trees which are na- 
tive to the temperate 
zone seem to need a 
winter season, while 
tropical ones do not. 

Trees and shrubs 
of the temperate zone, 
which are usually 
dormant during the long winter, tend to become dormant in the 
tropics after a period of activity. Unless they are exposed to an 
extensive period of cold though not necessarily freezing weather, 
,the resumption of growtli is greatly delayed, while the growth 
is lacking in vigor (Fig. 158). It is ^probably for this reason 
that such fruits of the temperate zone as apples, pears, peaches, 
and cherries do not thrive in the tropics. They grow well for 
a time and then become half dormant and, in the absence of 
chilling, never fully recover from this condition. 


Fig. 158 . Photographs of blueberry twigs, both 
taken in the spring at the same time 

The one on the left had been exposed to a cold wdnter 
while the other had been kept warm in a greenhouse 
(After Coville) 
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The advantages of chilling for trees of the temperate zc 
to be connected with changes in the character of the stor 
During the summer and autumn food is stored hi the 
starch, which is insoluble. Before this can be used for 
it must be changed to sugar, which is soluble, and in thef 
tliis change appears to take place most readily at low tempe 


Fig. 159. Effect of lengths of day on different types of plants 
Left, HellcLTiihus cingustifolius. a ^\short-dav olanf ” ‘Rai-g ^ i 

M.,oh 2 „a p," p “ pSISI 

portion of each day and exposed to light for only ten hours Plant at ri”ht 
exposed to light for full length of day. Right red clover a inn. al i ! * 

day and exposed to light for only ten hours. They assumed a prLtrate fm-m of 
growth and were greatly delayed in flowering Plants at ri.lv evnJi i I , ,1 

Allaul, Bureau of Plant Industry, United States Department of AgTicultnre) 

Trees Of the temperate zone are afforded valuable protection 
y the fact that m the fall they enter into a condition of dor- 

Ghbin J'Tf ^ prolonged 

6,- such plants were so constituted as to start into 

growth as easily m the warm days of late fall as tliey do in 
early spimig, many species would come into flower and leaf in 
waim autumn days which follow cold ones, and the stored food 
that they require for their normal vigorous growth in the fol- 
lowing spring would be wasted in the growth of imw 
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which would be killed by the first heavy freeze. ,. '.These, evil 
results are prevented when two or three months of chilting are 
necessary before a dormant plant will respond to a favorable 
temperature by the resumption of growth. 

Light. As the growth of green plants is dependent on photo- 
synthesis, plants cannot continue to grow for any great length of 
time without light. On the other hand, high light intensities 
are usually accompanied by rapid rates of evaporation. In the 
preceding chapter it was pointed 
out that plants may contain less 
water on sunny days than on 
cloudy days or during the night. 

This condition frequently re- 
suits in a much more rapid rate of 
growth during the night than 

during the day, and plants may 

even cease growing or actually W® 

shrink during bright, dry days. 

The relative length of day . B 

and night is a very important 1 | 

factorin determinmgthe fruiting 
season of plants. Some plants, as 
poinsettia (Fig. 80), will flower 
and fruit only during seasons with short days, and others only 
when the days are long. In temperate zones the days are lon.g 
during the summer, shorter in autumn, and still shorter in whiter. 
It has been found that many plants which normally do not flower 
until the short days of autumn can be made to bloom during the 
long days of summer if they are placed in the dark for a portion 
of each day (Fig. 159). Also, many plants tliat usually blossom 
■in the summer and not in the winter, even if in a heated green- 
house, will produce flowers during the short days of winter if 
kept in a warm greenhouse and illuminated by electric lights for 
■a portion of each night (Fig. 159). 

While the period of flowering may be hastened by shorten 
ing the daily exposure to light, the rate of growth frequently 


Fig. 160. Fasciated stem of 
cockscomb 
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increases with the length of the daily exposiirer^ When plants 
which germinate in the spring and flower in the fall are forced 
into bloom early in the summer by shortening the daily expo- 
sure to light, they are small at the time of flowering. 

In the tropics the days are always shorter than the summer 
days of temperate zones. Plants from the tropics may fail to 
flower during the long days of northern summers and produce 

flowers and fruits abun- 
dantly ill greeiihoiises ■ 
during the shorter days 
of winter. 

The fact that the 
days are shorter in 
the tropics than they 
are during the summer 
in temperate zones may 
explain why many of 
the plants of the tem- 
perate zone do not sucr ' 
ceed in the tropics. 

Abnormal forms of 
growth. Stems and 
other plant organs fre- 
quently show abnor- 
mal growths. One of 
the most common is a flattened form, called fasciation, which 
occurs when a stem lias several growing points instead of a 
single one. This abnormality may be inherited, as in the cocks- 
comb (Fig. 160), or it may be due to an injury, as by insects. 
Galls are another common class of abnormality. They may be 
produced by parasitic bacteria, fungi, flowering plants (Fig, 161), 
or various classes of animals, especially insects. Insect galls 
are very numerous, those produced by a given insect on the 
same kind of plant being constant in form. The mother insect 
lays, its eggs in the host plant; and after the eggs hatch, the 
tissues of the plant proliferate and produce the galls. 



Fig. 161. Section of a gall on a Cissiis root in 
which a bud of Rqffleski mamllana is developing 

Later the bud will burst through the gall. Com- 
pare with Fig. 7 



THE STEM 


ihe ciiiet iimction ot ordinary stems is to support the leaves 
and reproductive organs in such a way that they can carry on 
their several functions advantageously. Many stems, however, 
are specialized for functions which are unusual for stems, or are 
fitted to perform the usual functions in a somewhat specialized 
manner. Stems of these 
types may be called spe- 
cialized stems. They 
may be divided into 
the following general 

classes: unusual meth- JtJ/ 

ods of support (stem Jy lA 

function), pliotosyntJie- r~f^ \l/y 

sis (leaf function), .,a.5- 

r^Todiytion (seed f uiic - tl 

tion), storage^ and p>ro- y 
teetign. This list is very | y 

similar to that given ^ 1 1 

for specialized leaves. W \ 

Frequently the only A 

way in which we can 
tell by superficial ex- 
amination whether a 
given structure is a 
stem or a leaf is by 
the mode of its attachment. If the structure is in the axil of 
a leaf, we regard it as a stem, while if a stem or bud is found 
in its axil, it is considered a leaf, 

Unusual methods of support (stem function). Stems that are 
specialized in no other way than to support the leaves and re- 
productive organs in a rather unusual manner are well exem- 
plified in climbing plants. The chief advantage of the climbing 
habit seems to be that it enables a plant to reach up into the 


Fig. 162. Steins modified as hooks 

Above, Artabotrys uncinatiis ; below, Uncaria 
’^—- gambler, (x |-) 
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^ ligiit aiid bear large iiiini- 

leaves without 

I f /(V'\ I material which 

M) t I \\'^ would be necessary to 
ly^l J build a stein suflieieiitly 

strong to support the 
^ i-'j^ leaves and reproductive 

rZfJ^ ^ organs by its own strength. 

A cliinljing pi ant depends 
Yi on tlie strengtli of some 

M other object for its siip- 

y port, and so can develop 

Fig, 163. Branches of Boucjainvillea modified long, slender stems. It is 
as spines used in climbing, (x |) probably because of their 

slender stems that climb- 
ers usually grow rapidly and so can shoot up through dense 
vegetation and reach the light more quickly than can a plant 
which has to develop a stem thick enough to support itself. 


Fig. 164. Steins of Eupkorhia tirmalli specialized for photosyiithesis and 
water storao’e. 





Fig. 165. Stems jpaodij&ed as tendrils 

Above, Guania microcarpa ; left, Antigonon lepiopus ; lower right, Gardiosper- 
mum halicacabum. (x 


Fig. 166. Tendril of squash {Cucurhita maxima), (x 
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The chmbmg habit has the disadvantage that the climbers 
are hkely to fall with the death and decay of the plants on 

which they grow. Fre- 
quently they grow over 
and shade the support- 
ing plant to such an 

extent as to kill it, and 

thus are instrumental 
in bringing themselves 
to the ground. 

In order to utilize 
the strength of some 
other object a plant 
must have some means 
of attaching itself to 
its support. There are 
four general types of 
climbers : twiners, ten- 
dril cUmhers, root elimh- 
ers, and scramhUrs. 

Twiners. These plants 
climb by the simple 
device of twining spi- 
rally around a support. 
In nature such a sup- 
port would be another 
plant. When twiners 
s^re cultivated, a wire 
cord or slender pole is 
usually substituted for 
the supporting plant. 
The morning-glory is 
a common example of 
the twiners. 



Fig. 167. Cross section of a portion of round 
stem of Euphorbia tirucalli (see Fig. 164) 

Note the wide cortex specialized for water stor- 
age and photosynthesis 


m * •H Lvviiiem. 

UD belonging to this class are held 

p y tendnls which are either modified stems (Fig. 165) or 



THE STEM 


169 


Fig. 168. Flattened stem of Mueli- 
lenbeckia platyclada specialized for 
photosynthesis, (x |) 


leaves (Fig. 69) or are of doubt- fl 

ful homology, as in the squash ^ 

family (Fig. 166). Tendrils are vk 

long, slender structures which 

coil around other objects or, 

more rarely, bear disks which \ 1 ^ 

adhere to the surface of the // 

siipp')ort. V pi M M 

■ Root climbers. Many climbers ^ M M 

adhere to a support by means of 11 

numerous small roots which de- ^ rj 

velop from the stem (Fig. 179). 1/ ^ 

Scramblers. Climbers of this "'\yx 

type are not so definitely fas- 
tened to their support as are those ^ 

of the other types. They are held Flattened stem of Mueh- 

up more loosely by means of specialized for 

thorns (Fig. 163) or hooks (Fig. photosynthebis. (x 2 ) 

162). Climbing roses and rasp- 
berries are examples of thorn jA 

scramblers. Hooks are more ad- 
vantageous than thorns, as they 
have a greater tendency to keep 
a plant from slipping backward. 

The thorns or hooks may be stem 
(Figs. 162, 163) or leaf struc- , 
tures. Rattans are excellent ex- 
arnples of scramblers with hooks 
on the leaves (Fig. 70). 

Photosynthesis (leaf function). ^ ^ 

The young stems of green plants [I 

contain chlorophyll and carry on ^gQ_ Leaflike branches of Phyl- 
photosynthesis to some extent, lodadus protractm, (x|) 

while herbaceous stems continue 

to perform this function as long as they live. All green stems, 
therefore, perform to some extent the function which is the 


Fig. 169. Leaflike branches of PhyJ- 
locladus proiractus. (x |) 
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primary' one of the leaf* In addition, numerous .stems are spe- 
cialized for photosynthesis ■ and take the place of leaves in the 

iiianuf actiire of sugar* This 
is the case with the so-called 
asparagus fern and numer- 
ous .sedges* Some .stems 
which are specialized for 
photosynthesis are round 
(Figs. 43,. 164, 167), othe.rs 
are flattened (Fig. 168), 
and others even have the 
form of leaves (Fig. 169). 
Such steins as those of the 
cacti (Figs. 512, 514) are 
specialized both for pho- 
tosynthcvsis and for water 
storage. 

Absorption (root func* 
tion). The epidermal walls 
of submerged water plants 
are not cutinized; conse- 
quently both the leaves and 
the stems of such plants 
are capable of absorbing 
water and su bstances in 
solution in water. 

The stems of some para- 
sitic plants produce emer- 
gences which enter the 
tissues of the host and ab- 
sorb water and food mate- 
rial (Figs. 170, 171). 

The function of anchor- 
age, which is one of the chief functions of roots, is performed 
to some extent by underground stems (Fig, 172), as in cannas 
and many grasses. 



Fig. 170. Ouscuta, a parasitic vine 

The stems produce luiustoria that enter the 
host and absorb water and food material. 
Thefee liausioria are regarded as roots by 
some authorities, (x 1) 
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Reproduction (seed function). Many plants reproduce by 
means of stems (Eig. 5), this being by far the most usual mode 
of vegetative repro- 
duction in flowering 












Two of the most 
common methods of 
stem reproduction are ' 
by rhizomes (stems that 
grow horizontally in . 
the soil) and hj run- 
ners (stems that grow 
along the surface of 
the soil). Both rhi- 
zomes and runners 
may produce roots at . 
the nodes. In some • 
species the intern odes 
do not persist long, 
and each new node 
forms a new plant. In 
other species an in- 
crease in the number 
of plants comes about 
only by the branch- 
ing of rhizomes and 
the ultimate decay of Fig. 171. Section through haustoria and por- 
the whole of the older tion of host of Cuscuta (see lig. 170) 
portion formed be- Note tliat cells of the haustorium are between 

fore branching took the xylem and the phloem of the host, and ^ 

^ ^ xvleni of the parasite is in contact with that oi 

place (Fig. 172). The ; the host, (x70) 

method of reproduc- 
tion by runners, and especially by rhizomes, is well suited to 
increasing the number of plants in a limited area or to the 
invasion of an area next to that in which the parent plants are 
growing. A new plant growing from a rhizome has a much better 
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Fig. 172. Ginger plant with enlarged storage 
rhizome, (x 1) 



Fig. 173. Storage rhizome of ginger, (x |) 


start than one .grow* 
ing from , a seed, and, ' 
moreover, , the rhi- 
zome is already ,in 
the .ground, whereas 
the seed, may never 
reach,,, the soilv 

Some stems' grow 
up, in the air at' , first 
and then, after they 
become long, bend 
down until they reach 
the ground, where 
they take root and so 
produce new plants. 

Storage* Except 
when the roots or 
leaves are fleshy and 
especially modified 
for food storage the 
stem is usually the 
chief organ in wdiicli 
food is stored. In 
large plants, food is 
stored at certain sea- 
sons in considerable 
quantities in the pith 
rays and the wood 
parenchyma. 

Some stems are es- 
pecially modified for 
the storage of food. 
These are usually 


underground stems such as the of ginger (Figs. 172, 

173), the tubers of potatoes (Fig. 174), or the corms of aroids 
(Fig. 175). While most stems that are specialized for food 



Fig. 174. Tuber of potato 

(xf) 


'5. Conn of^taro (Colocasia 
esculentum^. (x |) 


Fig. 177. Polypodium i^ina- 
turn, a fern having hollow, 
fleshy stems inhabited by 
ants, (x 1) 


Fig. 176. Hydnopliytum, an epiphytic plant 

The swollen base of the stem is composed 
largely of water-storing tissue and con- 
tains cavities inhabited by ants, (x J) 
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storage are underground ones, there are exceptions. Some palms 
have greatly thickened stems in which large quantities of starch 
are stored during a series of years. This food is finally used up 
in the formation of flowers and fruits, after which the stem dies’. 
Commercial sago is made from the starch stored in the trunks 
of the sago palm. 

Some stems are especially thickened and modified for the storao-e 
of water. This is particularly true of the cacti (Figs. 512, 514). 

tile Malayan 
region there are eer- 
tain curious epiphytic 
k plants that may be 

1^^^^ mentioned in this con- 

nection. The basal 
portion of the stem 
is greatly enlarged 
^ 1 consists mostly 

of water-storing tissue 
■ , ^ (Pigs. 176, 177). In 

Fig. 178. Branehes of lime (Citrus aurantifolia) basal portion are 

modified as spines, (x |) conspicuous labyrin- 

. thine cavities which 

are connected with the external atmosphere by means of sihall 
openings. The cavities are inhabited by ants. Various functions 
have been assigned to these cavities by different botanists, while 
others think that they have no particular function. Some reo-ard 
t lem as devices for aeration, others consider that the ants which 
inhabit them benefit the plant by leaving debris from which the 
plant absorbs nutrient material, while still other observers believe 
that the a,nts serve as a means of defense for the plant. 

modified branches 

(F ig. 178). In some eases these spines protect the plants to some 
extent irom beinof eaten bv browsing 
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THE ROOT 


In general the roots of a plant serve"' to absorb water and 
mineral matter from the soil and to anchor the plant in the 
ground. These may be said to be the chief functions of roots. 

Absorption of water. The stems, leaves, and fruits of plants 
are usually exposed to high rates of evaporation in the air, 
from which they are protected by a covering which is more or 
less impervious to water. This coating not only reduces the 
amount of water that they lose through transpiration but at 
the same time prevents them from absorbing water from the 
atmosphere. Such plants are therefore dependent on their roots 
for the absorption of water. 

Absorption of minerals. Plants need not only water, carbon 
dioxide, and oxj'-gen, but also nitrogen, sulphur, phosphorus, 
potassium, calcium, magnesium, and non. These last elements are 
obtained from the soil in the form of compounds dissolved in water. 
Some plants probably require, in addition, sodium and chlorine. 

Anchorage. Plants that are growing in the ground need 
roots not only for the absorption of vrater and mineral matter 
but also in order that they may be anchored to the substratum ; 
otherwise, erect plants would be blown over by the wund, 
while small creeping plants might be carried to unfavorable 
situations. There are three different types of root systems. 
Many dicotyledonous plants develop a long main root which 
grows d eep in the soil and produces smaller secondary roots; 
such long roots are called tap-qots. In other cases the plant, 
instead of having a taproot, is anchored in the ground by 
several large secondary roots. Monocotyledonous roots, like 
monocotyledonous stems, do not have secondary thickening, and 
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so such roots never become very large, ilonoeotyledonoiis 
phuits are usually anchored in the ground by numerous small 
roots. This is conspicuously the case with large palms such as 
the coconut. 

Aerial roots. Roots are cliaracteristically subterranean struc- 
tures, but they may develop in the air. Such is the case with many 

climbing plants (Fig. 179) 
and also with epiphytes, 
which are plants that grow 
perched on other plants 
(Fig. 2). In both of these 
cases the roots still have 
the functions of absorbinsr 

O ■ 

water and anchoring the 
plant. In epiphytic pl&lts 
many of the roots grow so 
close to the bark of the 
plant on which they are 
found as to become attached 
to it. They are, at the same 
time, in a fairly favorable 
position for the absorptipn 
of water. Certain climbing 
plants develop two types 
of roots : small, short roots 
which anchor the plant to 
its support, and longer ones 
which reach down to the ground and serve more particularly 
for the absorption of water (Fig. 179). 

Incidental functions. Roots have not only the two principal 
functions mentioned above but also functions that are inci- 
dental to these, as well as other functions, such as respiration, 
which are common to all plant parts. We shall find later that 
water absorbed by the roots is taken in very largely by the 
small young roots. In order that this Avater may reach the 
stem it must pass through the larger roots. In the same way 


Fig. 179. Climbing stem of Raphidophora, 
showing short roots that attach the stem 
to the support, and long ones that grow 

(X D 


to the ground and absorb water. 
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manufacturecl food wHcli comes down the stem from the leaves 
can reach the smaller roots only by passing through the larger 
ones. Thus it will be seen that roots, like stems, have the inci- 
dental functions of conducting food and water. The cells in 
which such conduction 
is carried on are alike in , 
roots and stems. Roots, 
like stems, also serve for 
the storage of food and are 

sometimes greatly thick- ^ 

ened with storage tissue 


GROWTH OF ROOTS ^ :: 1 

y^otcap. Roots are like 
stems in having at the tip 
a growing region, called ^ 

growing point. As the . 

growing point is com- 
posed of meristematic cells 
which are soft and have illl 

thin walls, obviously it 

must be protected in some Fig. 180. Radish with greatly thickened 
way; otherwise the meri- storage root, (x J) 

stematic cells would be 

destroyed while being pushed through the soil. ITiis protective 
function is performed by a cap-shaped structure, the rootcap, 
which covers the growing point (Figs. 181, 183). The rootcap 
and the tip of the root are joined at the growing point, which 
consists of a small group of meristematic cells (Fig. 182). The 
outer part of the growing point produces cells that are added 
to the rootcap, while the inner portion forms cells which increase 
the length of the root. 

The rootcap not only protects the growing point of the root 
but also serves as a boring point. It is especially fitted for 
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this function because it is conical in shape, and probal.ly even 
more so on account of the fact that the cell walls, or at least 
the middle lamellm of the old cells, become gelatinous. Tliis 
makes the surface of the rootcap ratlier slimy, so that friction 
with the soil particles is greatly reduced and the tip can move 
through the soil more readily. As the rootcap is pushed forward 

through the soil particles the older cells 
are rubbed off and are replaced by 
younger ones wliicli are produced from 
the meristem at the junction of the 
rootcap and the tip of the root. 

Grand period of growth. A portion 
of a root, like any other part of a 
plant, has a grand period of growth 
which can be divided into a phase of 
formation, a phase of elongation, and 
a phase of maturation. As has been 
said before, the cells that add to the 
length of the root are produced on the 
basal side of the growing point. After 
these cells are cut off from the growing 
point they undergo a limited number of 
divismns. The part of the root in which 
division is most active is in the phase 
of formation, and the region in which 
j. . division occurs may be termed the 

considerably (h ,g. 188). The region in which this is takino- nkce 
tne loot that is elongating is in the phase of elongation T],e 

individui ceU Aff elongation of an 

lenilh the e ■ ^ ^ its mature 

g a which this IS occurring is in the- phase of maturation. 


Fig. 181. Tip of aerial root 
oi Pandanus tectorius, show- 
ing rootcap 

Compare Pig. 196. (x |) 
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In the case of the root, as in that of the stem, the portion 
that is in the phase of formation grows slowly. At the end 
of the phase of formation the rate of growth increases, and 


Fig. 182. Longitudinal section of a tip of an onion root 

The growing point is in the center of the drawing and consists of three regions ; 
one which produces the rootcap, one which gives rise to the cortex and epidermis, 
and one which forms the stele, (x 270) 


continues to increase until the most rapid rate is reached during 
the phase of elongation. After this the rate of growth in length 
again decreases until, at the end of the period of maturation, 
growth ceases altogether. Growth is therefore most rapid not at 
the tip but slightly back of the tip in the region of elongation. 
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In general the region of elongation is much longer in stems 
than ni roots. This is probably connected, in part at least, with 
the fact that the air offers very little resistance to the growth of 

sterns, while the roots, 
in growing through the 


‘S ''“'’-■'-‘gi 

soil, meet with con- 
siderable resistance. If 
the elongating region 
of a root, which is com- 
posed of soft tissue, 
■were of considerable 
length, the resistance 
offered to its move- 
ment through the soil 
would cause it to 
crumple. 

ABSORPTION OF 
MATERIALS 

Root hairs. We have 
seen that one of the 
principal functions of 
ordinary roots is to ab- 
sorb water. It is there- 
fore essential that they 
should have a large 
surface for the per- 
formance of this func- 
tion, as the larger the 
absorbing surface the 
^ , greater the rate of ab- 

sorption. Enlargement of the surface is produced by the growth 
ot long, slender projections from the cells of the outermost 
layer, or epidermis, of the root 


Fig. 183. Tiji of root of millet 

Below is the rooteap. Above the cap is the I'egion 
of elongation, and above this a portion of the root- 
hair zone showing growth of root hairs, (x 35) 


These projections are called root 
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the water absorbed by the roots is taken in by these hairs. They 
contain a lining of protoplasm within which is a large vacuole. 
As a root -hai r--is..±ha,nmst a(^ an epidermal cell, the 

nucleus is usually found in the root hair. 

Since root hairs serve largely for the absorption of water, it 
is not surprising to find that many of the plants that grow 
submerged in water do not possess ~ . , 

Physical characteristics of the soil, M 

In order to understand how roots \ , 

absorb substances from the soil it will | | 

be necessary to consider the physical rHi. 

characteristics of the soil itself. The r 

soil is made up of small, irregularly I 

shaped particles of rock and decom- | | 

posing organic matter, with spaces 

between the particles. If the soil is iW'L. 

well drained these spaces are largely 
filled with air. The water occurs as 

very thin films which adhere to the ^ ^ - ^ , 7 •. 

sod particles. The force by which 

this water is held is very great ; it ^^ot. (x 2S0) 

is so great ,that the water cannot 

all be removed by evaporation without the application of heat. 

The air found between the soil particles is essential to the 
respiration of the roots of most plants. The presence of air can be 
very clearly demonstrated by putting a mass of soil under water, 
when the Water will displace the air in the spaces and the air will 
be seen leaving tlie top of the soil in the form of bubbles. IMany 
plants cannot live in a soil that is flooded, as such a soil does 
not contain sufficient oxygen for the respiration of their roots. 

Contact of root hairs with soil particles. The formation of 
root hairs aids in the absorption of water not only because it 
increases the absorbing surface but also because the hairs come 
in closer contact with the soil particles than would be possible in 
the ease of large roots. 
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Growth of root hairs. Root hairs tend to grow out at right; 
angles from the surface of the roots, but when they are in the 
soil they soon meet with soil particles and are thus turned aside. 

In doing this their surfaces conform to those of 
the particles around which they grow, so that they 
are in very intimate contact with the soil particles. 
Growth in root hairs occurs only at the tip, which 
is protected by having a thickened wall (Fig. 184). 
Growth at any point other than the tip would loosen 
the attachment of the hairs to the soil particles. 

Location of root hairs. Root hairs do not occur 
at the tip of the root or in the 
region of elongation. If they did 
occur in these places, they would, 
on account of their close contact 
with the soil particles, be likely to 
be broken as the tip was pushed 
through the soil. Root hairs are 
ephemeral structures, and after 
they have functioned for a short 
time they dry up and disappear, 
so that they occur in only a 
short zone, which is called the root-hair zone. 

Anchorage by root hairs. The close contact 
of the root hairs with the soil particles is of 
advantage in more ways than simply for absorb- 
ing water and minerals from the soil. The 
contact with the soil particles is so close that 
when the root is pulled from the soil either 
the hairs are broken off or the soil particles 
adhere to the roots (Figs. 185, 186). This adhe- 
sion of the hairs to the soil particles aids in^ anchoring the plapt 
in the ground. It is also of advantage in that the part 6f the 
root which bears the root hairs is firmly anchored, so that when 
the more apical portion increases in length the root-hair zone is 
held firmly in position and the tip is shoved forward. ’ 


Fig. 185. Seed- 
ling of radish, 
showing root 
hairs grown in 
moist air. (xl-J-) 


Fig. 186. Seedling 
of radish from seed 
planted in the, soil 

Note the adherence 
of soil to root hairs 
and compare with 
Fig. 185. (xli) 
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' Absorption of water. The cell wall of the root hair is lined with 
a thin layer of protoplasm, within which is a large vacuole that 
has sugar and other substances dissolved in it. The protoplasm 
acts as a semipermeable membrane around the vacuole, while 
the plasma membrane which bounds the cytoplasm is a semi- 
permeable membrane around the remainder of the protoplasm. 
The osmotic pressure in the root hair is greater than that of 
the surroiuiding soil w^ater, and so water is drawn from the 
soil into the root hair. Osmotic pressure is also instrumental in 
causing the movement of water from cell to cell in the cortex of 
the root. 

Passage of water through the cortex. When water passes into 
a root hair, it goes from a solution with a low osmotic pressure to 
one with a high osmotic pressure ; when it passes from the paren- 
chyma cells to the vessels, the reverse is the case ; but the water 
is frequently forced into the vessels under considerable pressure. 
This is clearly shown in the bleeding, or exudation of water, 
from the stems of many plants after the upper part of the plant 
has been removed. The bleeding seems to be due to great tur- 
gidity and high turgor pressure in the parenchyma cells. When 
pressure within the cells becomes sufficiently great, water and 
other substances to which the protoplasm is permeable appear 
to be forced out of the cells under pressure ; but this process is 
not fully understood. 

Turgor pressure. The pressure of bleeding is often designated 
as root pressure because when plants are turgid the roots usu- 
ally produce such a pressure. Turgor presmre is a more appro- 
priate name, however, as pressure of a similar nature may be 
produced in other parts of plants. 

Turgor pressure of roots cannot be considered as an explana- 
tion of the movement of water up the stem, as such pressure can 
occur only when the parenchyma cells of the root are turgid, 
and this is not usually the case when transpiration is active and 
the movement of water most rapid. At such times there is little 
or no turgor pressure, and water may be absorbed by the stump 
of a decapitated stem instead of being exuded from it. 
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Bleeding is largely responsible for the exudation of maple sap 
or the sweet juices from palm inflorescences (Figs. 137, 188) 
that have been cut and that yield sugar or, after fermentation, 
produce alcoholic beverages or vinegar. The Mexican alcoholic 
beverage known as pulque has a similar origin, as it is the fer- 
mented juice obtained from agave plants from which the buds 
have been removed. 

Absorption of minerals. The water around the soil particles 
contains mineral matter which is dissolved from the soil This 
water is in contact with that in the cell wall of the root hair, 
and so is continuous with it, while the water in the cell wall is 
in turn continuous with that in the interior of the hair. The 
mineral matter dissolved in the soil water tends to diffuse into 
the water in the cell wall, and through that into the interior 
of the cell. In this way mineral matter passes from the soil 
into the plant. While in the root hairs the plasma membrane, 
or outer layer of protoplasm, is impermeable to sugar and many 
other substances within the cell, it is permeable to many of the 
simple inorganic compounds found in the soil The diffusion 
of the mineral matter through the plasma membrane is inde- 
pendent of the movement of the water. 

By the use of a piece of parchment paper separating a solu- 
tion of sugar from pure water it is very easy to demonstrate that 
the movement of a solvent and the movement of the solute 
through a membrane may be independent of each other. The 
volume of the sugar solution will increase, showing that it has 
absorbed water, while at the same time some of the sugar will 
pass in the opposite direction into the pure water. The movement 
of water in one direction and of a dissolved substance in the 
opposite direction, through the same membrane at the same time, 
can be strikingly shown by the use of the thistle-tube apparatus 
shown in Pig. 82. The bulb of the thistle tube is filled with con- 
centrated sugar solution, a piece of parchment paper tied over 
the mouth of the bulb, the tube inverted, and the bulb immersed 
in distilled water. Water is drawn into the sugar solution, as 
is shown by the fact that the latter rises in the thistle tube. If 
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now we repeat the same experiment with the addition of eolorm^ 
the sugar solution with eosin, the sugar solution still rises in the 
tube while some of the eosin passes out through the parchment 
paper and colors the distilled water. In other words, the move- 
ments of the eosin and the water are independent. 

Accumtilation of mineral matter in a plant. As movement by 
diffusion is always from a greater to a less concentration, a given 
kind of mineral matter would be expected to enter a plant only 
so long as the concentration of that particular, substance was 
greater outside than inside the plant. The original substance, 
however, after entering a plant, is usually combined with others 
in such a way that it no longer exists in the same form as in 
the soil water. In this way the concentration of a given sub- 
stance may remain greater outside than inside, even though it 
is absorbed in large quantities. Owing to this fact a plant may 
accumulate a much greater proportion of a given element than 
is found in the soil water. 

As the diffusion of mineral matter dissolved in water is in- 
dependent of the diffusion of the water itself, an increase in 
the amount of water absorbed by a plant would not increase 
the amount of mineral matter absorbed if the water moved in the 
plant only by diffusion. It is only owing to the fact that the 
water in the vessels moves as a steady stream, and not by diffu- 
sion, that transpiration can increase the amount of mineral mat- 
ter taken in by a plant. 

It is indeed questionable how far transpiration can cause an 
accumulation of mineral matter in a plant. If any given mineral 
substance should accumulate anywhere in the plant in greater 
concentration than it occurs in the soil, it would tend to diffuse 
to a region of lower concentration and finally to the soil water. 
It is only as a given mineral substance is changed into some 
other substance that the elements composing it can accumulate 
in the plant to a much greater extent than that in which they 
occur in the soil water. 
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■ SOIL 

Texture of soil. Soils are composed of particles which are 
classified according to their size as gravely sand^ silt, and elag. 
These divisions are arbitrary, and the size limits assigned to the 
various classes by different authorities are not always the same. 
Particles over 1 millimeter in diameter may be regarded as gravel 
or rock ; those between 0.05 millimeter and 1 millimeter, as sand ; 
those between 0.005 millimeter and 0.05 millimeter, as silt ; and 
those less than 0.005 millimeter, as clay. A soil containing a 
large proportion of sand is called a sandy soil, one with much 
clay a clay soil, while soils that are intermediate are loams. 

The amount of water held by a soil varies with the total sur- 
face of the particles, and so clay, being more finely divided than 
sand, holds more water than sand, which dries out rather quickly. 

Movement of water in soil. During a rain, water enters the 
spaces in the soil and expels the air. The action of gravity tends 
to carry the water down into the soil, but films are left around 
the soil particles. The downward movement of the water is 
known as percolation. After the rain has ceased, air is drawn 
into the soil as the water moves downward. Percolation con- 
tinues until a region (the water table') is reached in which all the 
spaces are occupied by water. The percolation of water is most 
rapid in coarse soils and slowest in fine soils. In clay soil, perco- 
lation may be so slow that after the upper layers have become 
saturated much water runs off the surface, while the underlying 
layers remain relatively dry. 

The percolation of water is very important, as by this means 
a reserve supply is carried to lower levels. The soil loses water 
by evaporation from the surface, with the result that water is 
drawn up from the lower levels in much the same way as oil 
moves up a wick. Also, when a plant absorbs water from the 
soil particles in contact with the root hairs, water is drawn from 
more moist particles to those from which the plant has taken 
water. It is owing to this movement of soil water that a soil 
dries out rather uniformly. 
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Water is drawn up in loam more rapidly than in sand or clay. 

The attraction of a soil for water increases with the total surface 
of the particles ; consequently loam draws water with greater 
force than does sand. According to this reasoning we should 
expect clay to draw water more rapidly than loam; but clay is 
composed of such small particles, and the spaces between the 
particles are so small, that water is held with great force and 
there is less tendency for the water to percolate or be drawn up 
than in the case of loam. . 

Loam allows sufficient water to percolate through it, and ^ 

then draws it up again with considerable rapidity. For this i 

reason loam is better for agricultural purposes than is either | 

sandy soil or clay. Moreover, the air spaces are large enough 
to allow for sufficient aeration, which is not liliely to be the ^ 

case with clay. I 

The upward movement of water takes place in the films 
around the particles, and so any interference with the conti- 
nuity of the films tends to retard the movement. Water can 
be conserved by working the soil near the surface into a mulch, 
or loose layer, as by this means the continuity of the films is 
interrupted, so that water is not drawn to the surface, where it 
would be lost by evaporation. That water is drawn to the sur- 
face to a greater extent in compact than in loose soil is shown 
in the case of footprints in a cultivated field. The soil under 
the footprints is more compact than the surrounding soil and 
has a darker color due to the greater amount of water that it 
contains. 

Soil structure. The term soil stmoture is used to denote the 
manner in which the particles are arranged in a soil. When the 
fine particles are aggregated in granules, the soil is said to have 
a granular, or crumb, structure. Such a soil is loose and friable 
and is considered to be in good physical condition. If a clay 
soil is worked when it is wet, the granular structure is destroyed 
and the soil becomes compact and poorly aerated. The soil is 
then in poor physical condition. The wet condition is very 
persistent, and at the same time the soil is impervious to the 
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percolatimi of any water. As the clay soil in this wet condition 
c 11 ^ It shrinks and cracks, thus forming hard, tenacious clods. 

Weight of soil. A given volume of sand is heavier than the 
same volunm ol clay, as the weight of the individual grains of 
sand IS sulhcient to overcome considerable friction and to cause 
tie particles to be compactly arranged, so that the pore space 
IS decreased to a greater extent than is the case with lio-hter 
particles such as clay. ° 

Water has a tendency to bind soil particles together, as is 
shown m the case of sand, which can be molded to soriie ex- 
tent when wet but falls apart when dry. Owing to the o-reater 
amomt o .urf.ee .Wed by the small pmticles of cCwatei 
mids particles of clay together with much more force'' than it 
does grams „f sa„d. „ j. partly for this ,e„„„ that clay L 
tenacious and harder to plow than sand, and it is owina to 

w ."sTSta s^r “ "■ “ 

Water absorption and transpiration. When soil contains a 
considerable liuantity of water, it gives up water to plaLs 
more readily than when it is dry. The amount of water in 
bm be a very important factor in deterrain- 

In orTler h7' TV transpiration is excessive. 

1 order that a plant may live it must, over an extensive period 

absorb as much water as it loses through transpiration. If the 
late of transpiration continues to be greater than the rate of 
absorption, the plant will ultimately wither and die. When 
th re IS a sufficient supply of water in the soil, a plant may be 
able to replace the amount of water lost, even when the Le 
of transpiration IS comparatively high; while if there is less 
water in the soi , the same rate of transpiration may cause tte 
plant to succumb to drought. 

Available soil moisture. Plants not only cannot absorb water 
as rapidly from a diy soil as from a moist soil, but they will 
wilt long before all the water is removed from the soil. When 
the water IS reduced below a certain amount, a plant cannot 
absorb It fast enough to replace loss through transpiration, and 
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so wilting ensues. Therefore not all the water that is in the 
soil is available. The percentage of water that is left in a soil 
when a plant wilts is called the wilting co^deyit of that soil. 
This wilting coefficient varies with different soils, being higher 
with fine soil than with coarse soils. It also varies with the rate 
of evaporation, as a plant will wilt with more water in a soil 
when the rate of transpiration is high than when it is low. 

Effects of cultivation. Cultivation destroys weeds and renders 
the soil more porous, so that it is better aerated, water is ab- 
sorbed readily, and roots can penetrate it easily. As previously 
pointed out, cultivation of the surface layers may decrease the 
amount of water lost from the soil through evaporation. 

Humus. Soils contain varying quantities of dark-colored de- 
caying organic matter known as humus. It is owing to the 
presence of humus in soil that the soil is usually darker colored 
than the subsoil. As a source of nitrogen, humus is a very 
important constituent of soils. It is also valuable in other 
ways. Humus has great capacity for absorbing water and so 
may have great value in increasing the water-holding capacity 
of a soil. Clay soil is rendered more porous by the presence 
of humus. 

Organisms in the soil. The decay of the organic matter in 
the soil is due to the action of living organisms, chiefly bac- 
teria and fungi, including the vegetative parts of such forms as 
mushrooms. 

Bacteria are very unportant in changing organic nitrogen 
into a form that can be absorbed and used by green plants. 
By bacterial action ammonia is produced from organic com- 
pounds of nitrogen, and the ammonia is then converted into 

xnlijr^itos 

An important class of bacteria is that which has the property 
of absorbing free nitrogen and uniting it with other elements to 
form compounds. Such bacteria add nitrogen to the soil and are 
of great advantage in the maintenance of soil fertility. 



Fig. 187. Portion of section of root of a monocotyledonous plant {HedtjcUum 
coronanun), showing stele and portion of cortex and epidermis 

e, epidermis; c, cortex; en, endodermis; p, perioycle; ph, phloSm; b, xylem 

vessel, (x 85) 
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THE AJSTATOMY OF ROOTS 


General regions. The general internal structure of stems and 
roots is very similar. In both cases there is a central stele 
which is surrounded by a cortex (Figs. 187, 188). In stems 


Fig. 188. Cross section of root of a species of Wandering Jew {Commelina), 
a inonocotyledonous plant 

e, epidermis ; c, cortex ; cn, endodermis ; pa, passage cell ; pe, pericycle ; 
p/i, phloem ; ic, xylem. ( x 55) 

this is in turn surrounded by an epidermis. Some authoilties 
maintain that in roots there is no true epidermis, but that this 
structure is represented morphologically in the formation of the 
primary rootcap. Others, however, contend that the outermost 
layer of the root is morphologically an epidermis, but that it is 
not such physiologically, as it is an absorbing and not a pro- 
tective structure. These theoretical considerations need not 
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coiicein ns here; for the sake of simplicity we may regard the 

outermost layer of the root as an epidermis. 

Epidermis, The epidermis of a root is, as we have seen, 
veiy diffei eiit in structure and function from that of stems 
and leaves, but agrees with that of the latter in being a 

single layer of cells. 

' Roots that grow, 
underground are not 
exposed to high rates 
of evaporation, and 
so they do not need 
to have cutinized 
walls to protect them 
from transpiration . 
Moreover, if their 
walls were cutinized 
or thickened, this 
would interfere with 
the absorption of 
water. The walls 
are thin, soft, cellu- 
lose membranes. The 
principal peculiarity 
of these cells con- 
sists in the presence 
of the long root hairs. 


Fig. 189. Cross section of young root of a dicoty- 
ledonous plant, inungo bean (Phaseolus radiatus') 

In the stele there are four rows of xyleni vessels, 
the lu'otoxylem, one of which is labeled aj. Alter- 
nating with the xylem is the phloem, ph, (x 70) 


the structure and function of which have already beeir discussed. 

Stele. The general structure of mouocotyledonous and dicoty- 
ledonous roots is very similar (Pig.s. 188, 189). This applies to 
the arrangement of vascular bundles as well as to other features, 
and is strikingly in contrast with the great difference in arrange- 
ment of bundles in monocotyledonous and dicotyledonous stems. 

The stele of roots is usually much smaller in comparison with 
the cortex than is the case with stems (Figs. 188, 189). This 
IS due to the greater centralization of the thick-walled ele- 
ments in roots than in stems, which is connected with the fact. 
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as previously explained, that the stress which roots have to 
withstand is largely longitudi^^^ tension. 

The center of the stele may be occupied by thin-walled 
cells, by thick-walled sclerenchymatous cells, or by one or more 
xylein vessels. Around this central portion the xylem, as seen 
in cross section, is arranged in rays which are usually widest 
near the center and taper 
toward the outside (Pigs. ^ 

188, 189). The ijhloem 
occurs in groups between 1 

the xylem regions, and I 
not exterior to the xylem, 
as in stems. The alternate 
arrangement of the xylem 
and phloem is apparently 
connected with the absorb- 
ing function of roots. As 
the phloem is not at the 
outside of the xylem, water 
may pass straight from the 

epidermis to the xylein Fig. 100. Cross section of a portion of 

without going through the Wamdering Jew (Commelina), showing 
, ■ .. endodermis and j^assage cell 

phloem. 

^ ^ f n-r The endodermis is a row of thick-walled 

Pencycle. The outer- the drawing ; the passage 

most part of the stele is, Jg Jjjg thin-walled cell in this row. Kote the 
as in stems, the pericycle. xylem below the passage cell, (x 300) 

In roots the pericycle . 

never contains sclerenchyma cells but is composed altogether 
of parenchyma cells and usually consists of only a single layer 
(Figs. 188, 192). 

Cortex. The cortex lies between the stele and the 
The innermost layer of the cortex in the stem is known as the 
starch sheath. In roots this layer is called the mdodermis. The 
walls of the endodermis, particularly the radial ones, are par- 
The walls may remain thin (Fig- 192) or they 
187, 188). In the latter case all the 
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walls may be equally thickened, but iisiially the radial and in- 
ner walls ai'e thicker than the outer walls. Certain cells found in 
the endodermis near the ends of the xylem rays (Figs. 188, 190) 

remain thin-walled ; as 
long as that part of 
the root is absorb- 
ing water through, its 
root hairs. Such thin- 
walled cells are Galled 
2 '>asmge and ap- 
parently serve as pas- 
sageways for water 
going from the cortex 
into the stele. An en- 
dodermis containing 
thin- walled cells and 
passage cells would 
appear to serve as a 
means of directing the 
movement of water 
I so that as it enters 
( the stele it will pass 
directly to the xylem 
li/T ii)/ I ^^^d not through the 

nil f i I phloem. The water 

^ j enters the xylem 

and is conducted up- 
ward without getting 
into the sieve tubes 
and diluting their con- 
tents. In old parts of roots the cortex frequently disappears 
and the endodermis functions as an epidermis (Fig. 194), 

The endodermal cells fit close together, so that there are no air 
spaces between them. As there are air spaces between the other 
cells of the cortex, the lack of them in the endodermis would 
.appear to decrease the diffusion of air into the vascular tissues. 



Fig. 191. Longitudinal section, of a portion of 
an onion root, showing internal origin of branch 
root. (X 175) 
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Tlie part of tRe cortex outside of endodermis is frequently 
composed of parencliyma cells only. These cells may serve for 
the slow movement and storage of food. As in the case of stems 
the cortex in young roots is of importance in giving rigidity. 



Fig. 192. Cross section of root of numgo bean (Pliaseolus radiaius) older 
than that shown in Fig. 1S9 


; e, epidermis ; c, cortex ; en, endodermis : p, pericycle ; cm, cambium region ; 
’ p/i, phloem ; px, protoxylem ; 7nx^ metaxylem. (x 85) 


This is done by means of turgor. The epidermis of the root is 
usually an ephemeral structure. In many eases the cell walls 
of the outer layers of the cortex become thickened, and these 




layers take the place of the epidermis. 

The cortex of the root does not contain collenehyraa, as does 
that of many stems. In stems the collenchyma usually forms a 
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continuous band in the- outer part of the cortex. As previously- 
explained, this distribution of colleiicliyma , is connected, with 
the. resistance which stems have to offer to bending - stresses. 
As roots are not subject to the same type of stresses, there is 
not the same necessity for the development of colleiicliyma. 



Fig. 193. Cross section of central portion of root of nmngo bean (Phaseoluf! 
* radiatus) after secondary xylem has been formed from the cambium 

e, endodermis ; p, pericycle ; p/i, phloem ; cambium ; pic, primary xyiern ; 
so;, secondary xylem. (x 115 ) 

Roots that are in the ground cannot carry on photosynthesis, 
and in such cases chlorophyll is not developed in the cortex. 
In roots which normally are exposed to the light, however, 
chlorophyll is frequently developed in the parenchyma cells of 
the cortex, and in this case the cells are chlorenchyma cells. 

Branch roots. The branches of stems originate as superficial 
outgrowths in which both the epidermis and the underlying 
tissues take part. The cortex and epidermis of the branch and 
those of the main stem are therefore continuous. In roots, on 
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the other hand, a branch originates in the perieyele and forces 
its way through the cortex and epidermis, breaking these tis- 
sues as it grows (Fig. 191). Owing to their method of origin, 


Fig. 194. Cross section of root of miingo bean (Pliaseolus radlatus) after 
all of the cortex except the endodermis has disappeared 

6, endodermis ; p, perieyele ; p7^, phloem ; px, primary xyiern ; sx, secondary 
xylem; r, pith ray. (x 80) 


therefore, the epidermis and the cortex of a branch root are not 
continuous with the epidermis and the cortex of the main root. 

Secondary thickening. Dicotyledonous roots, like dicotyle- 
donous stems, increase in thickness owing to the activity of the 
cambium. In very young roots there is no cambium (Fig. 189). 
The beginning of the process of secondary thickening is initiated 
by the formation of a cambium in the stele on the inner side 
of each group of phloem (Fig. 192). Subsequently this cambium 
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€}xtends around the outer end of the rays of the xylem, so that 
it forms a convoluted cylinder , (Fig. 192). By the,, activity of 
the cambium, secondary phloem is formed on the inner side of 
the primary phloem. The secondary xylem is not formed next 
to the primary xylem (Fig. 193) but opposite the secondary 

phloem, while a pith ray 
is formed exterior to each 
of the primary rays of 
xylem (Figs. 193,. 194). ; 
Although at hrst the 
cambium has the form 
of a convoluted cylinder, 
the convolutions are soon 
straightened out by un- 
equal rates of growth in 
different places, and the 
cambium, as seen in the 
cross section, becomes a 
regular circle (Fig. 194). 
The subsequent activity df 
the cambium of the root is 
similar to that of the stem. 

SPECIALIZED ROOTS 

The chief functions of 
roots are the absorption 
of water and mineral matter and the anchorage of the plant. 
Some parasites have specialized roots that produce haustoria- 
(Fig. 8) which perform these functions. Moreover, roots, like 
other organs, may be specialized for functions which are not, 
in general, characteristic of the organ concerned. Such special- 
ized roots may be classified according to their functions under 
the following headings : photo nyiithe^u (leaf function), mp- 
port (stem function), reproduction (seed function), storage, and 
aeration. 



Fig. 195. TaeniopJiyLhm, an epijihy tie, leaf- 
less orchid with roots which serve for 
photosynthesis. ( x |) 




Pliotosyiitliesis (leaf function)/ Underground roots are 
exposed to the light, and so are not in a position to carry on plio- 
tosynthesis. Such roots do not develop chlorophyll. The roots 
of many epiphytes and of some vines, however, are exposed to 
the light, and such roots 
usually possess chloro- 
phyll and so manufac- 
ture food by means of 
photosynthesis. In the 
epiphytic orchid Taenio- 
fliyllum (Fig. 195) this 
function is performed 
almost entirely by the 
roots. Tills plant has 
no leaves and only a 
small stem, to which the 
roots are attached and 
which bears the flower 
shoots. The roots, on the 
other hand, are highly 
developed and contain 
chlorophyll. 

Support (stem function). 

In a number of cases, 
roots take the place of 
stems in serving as sup- 
ports. This is the case 
in the genus PandanuB 
(Fig. 196), where that 
part of the stem which 
is near the ground is very small and incapable of supporting 
the weight of the plant. Large roots grow^ out from the main 
stem and serve to brace it; such, roots are called brace rootB, 
Other roots grow down from the branches and prop them 
up; such roots are known prop roots. BMzophora (Figs. 197, 
516) has similar brace and prop roots. Corn has brace roots. 


Fig. 196. 


Pan/ la nits tectorkis with prop 
roots. (X -aV) 
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Fio. 107. Prop roots of Rhizophora Candelaria 

These roots have a great development of air spaces in 'which oxygen diffuses to 
the underground portions of the root system 


PiGt 198t India rubber tree (^Ficus elasiicd^ With roots forming 
secondar;^ trunks 
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These roots grow out in whorls from the lower nodes and serve 
to brace the stem of the plant. ^ 

Prop roots are conspicuous in many species of the genus 
(Fig. 19 8) /and particularly in the tree. In the 

latter case large roots extend down from the larger branches 
and se^^ve as secoBd^y ^ ^ 

in the tops of the trees 
and send down roots 
that reach the ground 
(Fig. 199). Branches 
from these roots grow 
around the tree and coa- 
lesce, either with each 
other or with the main 
root, until the trunk of the tree is usually inclosed by a network. 
As this grows and coalesces, it interferes with the growth of the 
tree, the fig leaves shade the tree, and the roots of the fig inter- 
fere with those of the tree. This combination usually results in 


Fia. 199. Roots of strangling fig on a 
large tree trunk 
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of the meshes persist. The final appearance of these figs is 
greatly influenced by the form, and height of tlie trees on which 


Fig. 200. An old specimen of strangling fig in which the roots 
serve as trunks 


they start. When they grow on slanting or peculiarly shaped 
trees, they sometimes assume very fantastic. shapes (Fig. 200). 

Climbing plants may be attached to their supports by means 
of roots and so be supported by the roots (Fig. 179). 
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Many tropical trees have huttresB roots (Fig. 492) which are 
formed by the outgrowth of planklike extensions from the 
upper portions of large roots. Such buttress roots are frequently 
made into table tops. 

Reproduction (seed function). The roots of many plants pro- 
duce adventitious buds which grow into new plants and thus 
serve to reproduce the species. Some 
plants are reproduced artificially by root 
cuttings. 

Storage. Underground roots may be- 
come very much thickened and serve as 
organs for the storage of food. Such is the 
case in sweet potatoes (Fig. 201), yams, 
radishes (Fig. 180), turnips, parsnips, and 
carrots. Roots may also store water. 

Aeration. Specialized aerating roots are 
found on a number of plants that grow 
in submerged soil (Fig. 518). These 
are particularly promment in mangrove 
swamps. Such roots contain a conspicuous 
development of air space. Oxygen from 
the atmosphere diffuses into these spaces 
and then down into the underground root 
system. The aerating roots extend verti- 
cally out of the soil in some mangrove- Root of sweet 

swamp species (Fig. 517), and also in the potato modified for food 
bald cypress of the fresh-water swamps storage, (x-j) 
of the southeastern part of the United 
States. .In the genus RMzophora (Fig. 197) of the mangrove 
swamps the aerating roots grow from the trunk and branches 
and also serve as absorbing roots and as brace and prop roots. 


CHAPTER YII 

THE FLOWER 

The flowers of plants are reproductive structures "whose func- 
tion is the production of seed. Many flowers are very beautiful, 
are greatly enjoyed by man, and are used by him for purposes 
of ornament. From the standpoint of tlie plant, however, the 
beauty of the flower is important only in so far as it aids in 
the production of seed. 

EEPRODUCTIOI>r 

Asexual reproduction. Plants have two methods of repro- 
duction, sexual ^ and asexual. The latter method consists simply 
in the separation of a portion from the parent plant and the 
growth of this portion into a complete plant. Many of the 
lower plants are reproduced asexually by a single cell. A larce 
number of higher plants reproduce vegetatively by sending out 
shoots which take root and produce new plants (Fio-. 5). In 
many cases the part of the shoot wdiich connects the two plants 
dies, thus leavmg them entirely separate. This method is particu- 
arly characteristic of plants with underground or prostrate stems, 
such as grasses that have long runners. It is also frequently 
seen in the aerial parts of plants, where a shoot takes root and 
produces a new individual. Another method of asexual repro- 
duction IS the production of bulblets. Many plants that grow 
from underground bulbs reproduce by the multiplication of 
these bulbs, as is the case with the o'nion. Bulbs mav be pro- 
duced on flowering shoots as in Agave and the onion. Many 
plants produce suckers which can be removed and used to pro- 
duce new plants. Conspicuous examples are bananas (Fig. 66') 
and pmeapples. A method of artificial reproduction frequently 


■ : VTH^ FLOWER ■■ 205 

used is to cut off a portion of a stem, known as a cutting, and 
plant it in the ground. Under favorable conditions the cutting 
produces roots and leaves and grows into a new plant. In a 
few instances leaves of plants may fall to the ground and grow 
into ^new plants, as in Bryophyllum (Fig. 83) and Begonia. A 
considerable number of plants can be artificially reproduced by 
the use of leaf cuttings. Some ferns reproduce regularly by 
having the tip of a long leaf reach the ground, send out roots, 
and grow into a new plant (Fig. 82). 

Sexual reproductioE. Sexual reproduction is reproduetion in 
which two cells unite to form a single one from which a daughter 
organism develops. This method of reproduction is character- 
istic of the vast majority of plants. Among the higher plants 
the flower is the organ for sexual reproduction. 

THE’ STRUCTURE OF THE FLO WEE 

Parts of the flower. In a complete flower, that is, one w^hich 
has all the parts of a typical flower, there are four kinds of 
structures besides the stalk (Pigs. 202, 203). There are one 
or mote pistils, stamens, a calyx, and 
a corolla. The pistils and stamens are 
the essential parts, while the others are 
accessory. 

Some flowers are regular, — that is, 
all the members of each set of organs 
are alike (Figs. 202, 210-213), — while 
others are irregular (Fig. 204). 

Pistils. The pistils are usually found 
in the center of the flower (Fig. 203). 

A pistil consists of an enlarged basal 
portion called the ovary ; a terminal part known as the sUgma ; 
and, usually, a long, slender structure, the ityle, which connects 
the ovary with the stigma. The ovary contains one or more cavi- 
ties (Fig. 205) wdthin which are found small oval or egg-shaped 
ovules. An ovule is attached to the ovary wall by a small stalk 
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Fig. 203. Flower of grape- 
fruit (Citrus) with a portion 
of calyx and some of petals 
and stamens removed 

pd, pedicel ; i, torus ; n, nec- 
tary ; c, calyx ; p, petal ; /, 
filament of stamen ; a, an- 
ther ; 0 , ovary ; sy, style ; 
5, stigma, (x 1) 



Fig. 204. Irregular flower 
of a legume, Erythrinu fasca. 
(X i) 


called the funieulus. Bacli ovule con- 
tains an egg wliich, is the female repro-„ ; 

ductive cell. 

Stamens. A stamen consists of two 
parts (Pig. 206) : a large terminal por- 
tion, wliich is the anther^ and a stalk 
known as tlte filament The anther con- 
tams cavities called pollen sacs, in which 
pollen grains are produced (Figs. 206, 
207). Pollen grains from the anthers 
are carried by the wind, by insects, or 
by other agencies and deposited on the 
stigma of the pistil. This transfer is 
known as pollination, and when it has 
taken place the flower is said to be 
pollinated. 

Fertilization. A pollen grain, after 
being deposited on the stigma, pro- 
duces a long tube which grows down 
through the stigma and style and 
enters one of the ovules in the ovary 
(Fig. 4). Two male nuclei are found 
at the end of this tube. One of these 
enters the egg of an ovule and fuses 
with the nucleus of the egg. This 
fusion of male and female nuclei is 
called fertilization, and the flower is 
said to he fertilized when this has taken 
place. After fertilization the ovule 
develops mto a seed, while tfle whole 
ovary becomes a fruit. 

Sexuality of flowers. Usually , sta- 
mens and pistils are found in the same 
flower (bisexual flowers') (Figs, 202, 203), 
but frequently they occur in different 
ones (unisexual flowers). When they 
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occur in different flowers, both kinds of flowers may be on the 
same plant {monoecious plants) (Bigs. 208, 209), as in the cases 
of corn and the castor-oil plant, or they 
may be on different plants {dioecious plants) 
(Figs. 210, 217). 

Perianth. While the stamens and pistils 
are the essential parts of a flower, they 
are usually surrounded by thin, expanded 
structures which collectively constitute the 
perianth. In a complete flower the perianth 
is divided into an interior part, or corolla^ 
and an outer part, or cal^x (Figs. 202, 20E). 

Corolla. The corolla may be composed of 
a number of separate thin units, the petals 
* (Fig. 211), which are white dr bright- 
colored, or of a more or less tubular (Fig. 212), bell-shaped, 
or funnel-shaped structure (Fig. 213) with lobes which repre- 
sent the petals. The function of a conspicuous, bright-colored 


Fig. 205. Cross sec- 
tion of an ovary of 
Hibiscus, showing five 
cavities or cells con- 
taining ovules. (xlO) 


206. Cross section of anther, with pollen grains in pollen sacs. ( x 85) 
Below, two types of stamens 

corolla seems to be to attract insects or, sometimes, small birds 
which carry pollen from one flower to another. Bright-colored 
or conspicuous flowers are usually pollinated by insects. 



Fig. 207. Pollen grains of -various plants, (x 225) 


Fig. 208. Flowers of pumpkin * * 

Left, female flower with calyx and corolla attached above rounded 
right, male flower, (x J) 
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Calyx. The calyx, like the corolla, 
may be composed of a number of 
separate units, which in this case are 
called BepaU (Fig. 202), or of a some- 
what tubular or funnel-shaped struc- 
ture with lobes which represent the 
sepals. The calyx is typically small 
and green. The function of the calyx 
seems to be to protect the inner parts 
of the flower before the flower bud 
has opened. 

Frequently the perianth consists 
of only one set of structures, and 
in such a case this set is regarded 
as a calyx, the corolla being con- 
sidered as absent. When there 
is no corolla, the calyx is often 
bright-colored and conspicuous and 
takes the place of the corolla in 
its function of attracting insects. 
In many of the monocotyledonous 
plants the sepals are large, bright- 
colored, and very similar in appearance to the petals (Fig. 214). 

Flower stalk. The 
flowers are joined to 
the stem by a central 
axis, or stalk, which 
is usually composed of 
two parts : the stalk 
proper, which is known 
as the pedicel^ and an 
expanded terminal por- 
tion, the or recep- 
tacle, on which the other 
parts of the flowers are 

borne (Fig. 3), Left, female j right, male, (x |) 




Fig. 209. Flowers of castor-oil 
plant 

Above, female flowers; below, 
male flowers.' (xl) 




Fig. 211. Flower of Hibiscus 

Tlie filaments of the stamens are 
united to form a tube which sur- 
rounds the style, (x |) 


Fig. 212. Flower of Taberuaemontana 
pandacaqui 

The corolla is composed of a long tube 
with five prominent lobes, (x |) 
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" THE CLASSIFICATIOJsT OF PL AISTTS 

In dealing with the very large number of plants that occur 
in the world it is necessary not only to have names for the va- 
rious species but also to have a system of classification that 
groups plants together according to their similarities and rela- 
tionships. The different kinds of plants are regarded as differ- 
ent species, and each kind is given a species, or specific, name. 
The structure of the flower is the most important criterion in 
the classification of flowering plants. 

In classifying plants the different kinds {species) are grouped 
into genera, families, orders, classes, and divisions. The whole 
plant kingdom is divided into divisions^ one of which, the 
matop hyM. includes all seed p lants. Divisions are subdivided 
into classes. The classes of the S^ ermatoph yta are gymnosperms 
(seed plants without flowers in the popular sense) and angio- 
sperms (flowering plants) . The monocotyledons and dicotyledons 
are subclasses of the flowering plants. Axi order is a large group 
which includes plants that have some prominent characteristics in 
common and show a natural relationship to each other. An order 
includes one or more related families. A family is therefore a 
subdivision of an order and consists of a group of closely re- 
lated genera, although a family may contain only a single genus 
if this genus is distinct enough from all others to be put into 
a separate family. Usually, however, there are a number of 
genera in each family. A genus is commonly a group of closely 
related species, but may contain only a single species. A species 
represents a single kind of plant, the individuals of which differ 
from each other only in minor characters which are bridged over 
by intermediate forms, and in characters which are due to age, 
sex, nutrition, individual peculiarity or accidents, or selective 
breeding by man. The individuals of a species may be cross- 
pollinated and reproduce the same kind of plant. 

The species, genus, family, and order have each a separate 
name. In writing the name of a plant we use the generic and 
the specific name. The generic name is written first and then 
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the. specifie .name. The generic name always begins with a. capi- 
tal letter. According to the most widely accepted usage a spe- 
cific name is always begun with a small letter. Some botanists, 
however, prefer to begin the specific name with a capital letter 
if that name is*derived from the name of a person. When the 
specific name is not derived from a proper noun, it always begins 
with a small letter. As an example we may take the coconut, 
which belongs to the genus Oocos and has the specific name 
nueifera. We write first the name Ooeos and begin it with a 
capital (7. This is followed by the name ntieifera (meaning ''' nut- 
bearing ”), which is begun with a small n. The name is therefore 
written Cocos nueifera. As another example we may take the 
cultivated coleus. This plant belongs to the genus and 

has the specific name hhmeL According to the most widely 
accepted usage this name is written Coleus hlumei. The name 
blumei was given in honor of the Dutch botanist Blume. Owing 
to the derivation of the name, some botanists prefer to write it 
BlumeL Specific names frequently refer to some character of the 
plant, as nueifera (nut-bearing), odorata (fragrant), microphylla 
(small-leaved), pinnata (pinnate-leaved). In other cases the 
name may be derived from a country, as americana\ or from 
the name of a man, as hlumei \ or from one of various other 
sources. Generic names are similarly derived. 

The generic name is regarded as a proper noun and is applied 
to only one genus in the whole plant kingdom. It is therefore 
begun with a capital letter. The specific name is regarded as 
a common noun and may be applied to different species in 
many genera. 

Owing to the fact that the specific name may be applied to 
a large number of species in different genera, the specific name 
is never correctly used except in connection with the generic 
name. The generic name, on the other hand, may be used alone, 
as it applies to only one genus. As an example we may take 
the case of the cannas. These plants belong to the genus Canna^ 
so that when we use the generic name Canna it has a definite 
meaning, as we know at once that it applies to the cannas. One 
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of the wild eannas is Oamid mdica. If we were to use 

the word fwdica alone, it would not have any definite meanino', 
as other species in different genera are also named indieci. 

When the name of a plant is written for exact scientific deter- 
mination, it is customary to place after it the name, or an ab- 
breviation of the name, of the man who gave the specific name 
to the plant. The name Ooeo% mtcifera given by Linnaeus, 
who is regarded as the father of systematic botany. His name 
is usually abbreviated L. or Linn. When exactness is required, 
the name of the coconut should be Written Oocos micifera L. or 
Oocos^ nueifera Linn. The necessity for this arises from the fact 
that in the development of botanical classification the same name 
has been applied by different authors to different plants. 

The use of scientific names is necessary in order to have 
names that will be generally understood in all languages, be- 
cause in different languages the same plant usually has differ- 
ent names. Also, the use of scientific names prevents confusion 
even in the same language, as in different regions the same 
common name may be applied to different kinds of plants, 
or the same plant may be known by different names. A very 
good example is the word corn. It may mean any small, hard 
seed, as that of the apple, coffee, or any one of the cereals, as 
wheat or rye. The name com is also used specifically for an im- 
portant cereal crop of a given region. In England it is applied 
to wheat; in Scotland and Ireland, to oats; and in the United 
States, to Indian corn, or maize. It will be seen that one com- 
mon name may mean different things to different people, whereas 
the scientific name of Indian corn, which is Zea mays, has the 
same meaning to any botanist, no matter where he may be. 

The use of two names has many advantages. The generic 
name signifies the group to which the plant belongs, and the 
specific name the individual kind of plant. When the two are 
used together, we immediately know the individual plant, and 
we also have an idea as to what are its closest relatives. An- 
other important point is that it would be very difficult to find 
a sufficient number of names to enable us to give a different 
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1 {T6I16r9) llillC^li loss 

and appropriate one so aifficult to get enough 

numerous than species, . o^^oae 

names for the genera. ^ ^ sufficient 

in many genera makes i number of appropriate 

names for the differ- 
ent species. 

The earliest books 
on the classification 
of plants in -which 
our modern system of 
names was used were 
"vsnitten in the Latin 
language, and at the 
present time it is 
customary to write 


mo's. For this reason 

of making the names more prominent and sho^^. c g 
what plants are discussed in any paragraph. 

/‘pollination 

Cross-pollinatS^ Most flowers are so arranged as to facilitate 
the transfer of pollen from the stamens of one ^ i t . 

stigma of another (cro^s-follimtim) rather than ^ ® J J 

mens to the stigma of the same flower {sel^-polhnutmi). W hei 
the stamens and pistils occur in different flowers, 
be cross-pollinated. Cross-pollination is also usual m bise.Mud 
flowers. One of the simplest arrangements whicli asbuies tins 
is the maturing of the stigmas and anthers at ditferent time,s 
rFicr. 2151. The most usual agents for the transler ol pollen 
from one plant to another are insects and wind. Other agencies, 
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such as small birds, may be effective. In submerged plants the 
transfer may be made by water, 

WiEd-pollinatioii. Some flowers have no perianth at all, and 
others very inconspicuous ones. In such cases the pollen is fre- 
quently produced in large quantities and is carried by the wind 
from one flower to another. Indian corn is a good example of a 


plant that has inconspicuous 
flowers and is wind-pollinated. 
The male flowers occur at the 
top of the plant in what is 
commonly known as the tassel. 
The female flowers are pro- 
duced lower dowm in heads, 
which after fertilization become 
the ears of corn. The long, 
silky hairs which project from 
these ears are the styles and 
stigmas. The female flowers 
are thus in a favorable 
tion to have pollen,^W6wn to 
them from the n;iale flowers of 
other plants, ' ” 

GrasseB', many trees, and 
some shrubs and herbs are wind- 
pollmated. In order to insure 
pollination, wind-pollmated spe- 










Fig. 216. Feathery stigmas of a 
grass, (x 12) 




'cies produce large quantities of pollen; and when the pistils 
and stamens occur in separate flowers, the male flowers are very 
much more numerous than the female ones. The production of 
iarge quantities of pollen is evidently necessary when most of 
it must be wasted, as is the case with wind-pollinated species, 
where it is only by rare chance that a grain of pollen will lie 
blown to the stigma of the same species. The stigmas of wind- 
pollinated plants are usually broad and feathery, and so afford 
a large surface for catching pollen (Fig. 216). This naturally 
increases tlie chaiice of pollen’s reaching the stigma. IMaiiy 




cover qu. 
areas, they 
well adapted 
method of 








Eig. 218. Flowers of poiiisettia (Euphorbia pulcherrimo) 

rei' head— -at the left of the head is a cup-shaped nectary, and pro 
•0111 the head are three male flowers and one female flower; center, a 
uale flower composed of a stalk and pistil ; right, a single male flower 
)sed of a stalk and a single stamen. Compare with Eig. 80. (x 2|-) 




Ere. 220. Showy flower head of a 
legume, Leucaena glauca 

The conspicuousness of the head is due 
to white stamens and pistils, (x 1) 


Eig. 219. Flower cluster of a 
legume, rain tree (Entet'olohiiim 
saman). showing brightly colored 
stamens, (x |-) 
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Insect-pollination, Insects .are 
attracted to dowers by tlieii* odor, 
by their conspicnoiisiiess, or by 
both odor and conspiciiousness, 
and visit tliein for the purpose 
of collecting nectar and pollen, 
which serve them as food. While 
visiting a dower' the body of 
an insect becomes dusted with 
pollen, which may subsequently 
be caught on the stigma of an- 
other dower visited. 

Neetar is a sweet liquid that 
is secreted by glands which may 
be on the torus (Fig. 203) or on 
the petals. Conspicuous cavities 
in the petals frequently contain 
nectar glands. Bees use nectar 
in making honey. 

Many dowers that do not se- 
crete nectar produce large quan- 
tities of pollen, which serves as 
food for insects. Although the 
insects may use a considerable 
part of the pollen, nevertheless 
some of it sticks to their bodies 
and is carried to the stigmas of 
other dowers. 

Insect-pollinated species fre- 
quently have pollen which either 
is sticky or is furnished with 
numerous pro jections which help 
make the pollen adhere to the 
body of an insect, while the 
bodies of the pollinating insects are usually hairy. When 
the stigma of a dower is mature, it has a sticky surface to 


,, Fig. 221., Flower of Canna 

Below is the ovary surmounted by 
three small sepals, within wdiich are 
three narrow petals. The conspicuous 
parts are the stamens, the central one 
of which bears an anther on the mar- 
gin to the left. In the center or the 
flower is the stigma, (x f) 



Fig . 222 . Flower head of bachelor’s 
button {Gornplirena globosa) 

The flowmrsare small, and each is sur- 
rounded by two conspicuous white or 
brightly colored specialized leaves or 
bracts, (x 1) 
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wliicli pollen grains adh^ when the stigma is touched by a 
part of an insect on which pollen has been caught. 

Water-pollinatioii. A few species of submerged water plants 
have female flowers that lie on the surface of the water and 
male flowers that become detached, float to ^ 

the female flowers, and deposit pollen on 
the stigmas. A well-known example is the • : 

eonimon eel grass, Vallisneria (Fig. 217). 

Conspicttotis flowers. In typical flowers Mtb|' 

the conspicuous part is the perianth, but in M A 

many insect-pollinated species the perianth ^ / ! t 

is lacking or inconspicuous, while other 
structures are showy and serve for the 
attraction of insects (Figs. 80, 218). 

In Acam and many others of the bean 
family the perianth is inconspicuous, but a (7n 

large number of flowers with long stamens r jj 

are crowded together into a showy, rounded, , ; 

feathery ball (Figs. 219, 220). | 

In Qanna the calyx and corolla are rather f 

inconspicuous, and the bright-colored part ;; 

of the flower is composed of petal-like 

stamens (Fig. 221). Fig. 223. Flower clus- 

In many species the flowers themselves ter of eiephant’s-ear 
are small and,, inconspicuous but are sur- {Alocasm indica) 
rounded by large, brightly colored, leaflike ^he infioresence is in 
bracts (Figs. 81, 222). In the family Ara- the center, the upper 

CM. a larffe number of smalb flowers ai-e 

a, xa>x.^K:> xxu. xkjx. the lower bearing niuiier- 

crowded together on a long stalk. The ous flowers; the whole is 
whole flower shoot is more or less sur- surrounded by a special- 
rounded by a large white or bright-colored izedleaf canedaspa-tlu . , 

bract called a spathe (Fig. 22f3). ^ 

In many cases individual flowers are not showy themselves 
but are crowded together in groups wliich are very conspicu- 
ous. In the family Ccmij)ositae this condition is carried so far that 
the individual flowers are crowded into heads which superficially 
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resemble single flowers (Figs. 224, 225), as "is tlie case with 
the sunflower, cosmos, daisy, and chrysanthemum. 



Fio. 224. Single flower (x If) 
and flower head (x |-) of a sun- 
flower (^Heliantlius cucumerifolius) 

In the single flower the parts from, 
below upward are ovary, calyx, 
corolla, stamens, and stigma 

flowers frequently have odors, 
although in many cases they 
are odorless. The odors are 


Odors of flowers. Many ; flow- 
ers possess odors which serve to 
attract insects, and a large num- 
ber of inconspicuous flowers are 
pollinated by insects that are at- 
tracted by the odor. Conspicuous 



due to emential which are Fig. 225. Single flower (x 2) and flower 
volatile and odoriferous. head (x i) of marigold 


The essential oils of flowers 
are extensively employed in 
the manufacture of perfumes, 
toilet waters, and face and 


In the single flower the expanded por- 
tion is the corolla ; in the center of this 
are shown the style and the stigma sur- 
rounded by stamens 


sachet powders. Various methods such as steam distillation, extrac- 
tion with fats (preparation of flower pomades), and extraction with 
volatile solvents are used to obtain the perfume oils from flowers. 


I 

* 

I 

i 
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FERTILIZATION 


Growth of pollen tube. The transfer of the pollen from the 
anthers to the stigma is known as pollination and is followed 
by . the growth of 

leads to fertilization. 

After the pollen grain 

it' sends ^ 

it reaches the ovule. 

absorbs nourishment 
from the cells of the 
style. After reaching 
the ovary the ^ pollen 

grow, enters an ovule 

tube. One of these is 

known as the tube (ff 1 

to govern the activity ■ ^ 

£ ,T n j 1 Fig. 226. Germination and vrowth of pollen 
0 le po eii u 76 5 Qjj 0 ^ stigma of the purslane (Portiilaca 

the other two are male oleracea). (x 165) 

nuclei. Their func- 
tions will be better understood after we have considered the ovule. 

Structure of ovule. The ovule (Fig. 227) consists of a cen- 
tral mass, the nucellus^ which, is ioined to the ovary wall by a 


Fig. 226. Germination and growth of pollen 
grains on a stigma of the purslane (I'^ortulaca 
oleracea)* (x 165) 
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stalk, the. .fimmdus, and is surrounded by two cellular inem- 
Iwanes,' the; The ovule may be straight, but more 

usually it is bent back on the funiculus, with the outer integu- 
ment fused to the funiculus, as shown in Fig. 227. The end 
of the niicellus that is attached to the funiculus is known 

as the eJialazal end. At 
the opposite end of the 
ovule there is an open- 
ing, the mieropyle^ which 
extends through the in- 
teguments, and through 
which the pollen tube 
passes when it enters 
the ovule. In the nu- 
cellus at the micropylar 
end is the embryo mc^ 
which is usually some- 
what oval, Within this 
embryo sac there are 
six cells and two free 
nuclei, the polar nucleL 
The cells occur in a 
group of three at the 
micropylar end and an- 
other group of three at 
the chalazal end. Tlie 
three at the micropylar 
end consist of a large cell, the and two small cells, tlie syner- 
gids. At tlie chalazal end of the sac the three cells are usually 
small and are known as antipodaU. The two polar nuclei origi- 
nate one at each end of the embryo sac, but later move to 
the center. 

Fertilization. When the pollen tube reaches the ovule, it 
grows through the micropyle (Fig. 228) and then into the em- 
bryo sac, where it discharges the two male nuclei. One of these 
enters the egg and fuses with the nucleus of the egg. This 



Fig. 227. Ovule of Zepliyrantlies rosea 

/, funiculus ; m, micropyle ; o, outer integument ; 
% inner integument ; n, nucellus ; es, embryo sac ; 
s, synergid; e, egg; p, polar nucleus; a, an- 
tipodal ceil (x 115) 
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process is known .as fertilization, and the product as the, fertilized, 
egg. The fertilized egg develops into an embryo, which is found 
in the seed, and the embryo in turn, after the germination of 
the seed, grows into a mature plant. ^ 

Endosperm. The male nucleus 
which does not fertilize the egg Ly 

moves to the center of the embryo 
sac and fuses with the two polar nu- , 
clei to form a single nucleus known 
as the ewdospem 7mcleiis. This en- 
dosperm nucleus rapidly undergoes 
successive divisions and forms a 
mass of tissue, the e^idosjMrm, which hff 
fills the embryo sac and surrounds kf'U jfe 

the embryo. The endosperm absorbs v4Xvl\y Im/i 

nourishment from the surrounding 
tissue and passes it on to the embryo. 

The endosperm may be entirely ab-s 

sorbed by the developing embryo 

before the seed becomes mature, or Y/try{ 

it may remain in the seed and sur- pjq. 228. Diagram of section of 

round the embryo in the mature seed ovary, sliowinggrowtli of pollen 

and be absorbed only during the tubes toward embryo sue 

germination of the seed (hig. 269). witMntlieovaryisasingleovule; 


Fig. 228. Diagram of section of 
ovary, sli owing growth of pollen 
tubes toward embryo sue 


THE NUCLEUS 


WitMn the ovary is a single ovule ; 
in the center of the ovule is the 
embryo sac surrounded by the 
imcellus and this by two iiitegn- 
Since the essential part of ferti- ments. A pollen tube ims grown 
lization consists in the fusion of from the pollen grain on the 

the male nucleus with the egg (or, stigma and has ontere.l the ovule 

p through the imcropylc 

more particularly, the male nucleus 

with the egg nucleus), it is important that the structure of 
the nucleus should be studied in connection wdtli fertilization. 

Resting nucleus* The nucleus when not in a state of division is 
called a resting nucleus. This designation is somewhat iinfortu- 
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The Biicleiis (Fig. 229, A) is usually rounded and is surrounded 
by a membrane known as the nuclear membrane. Within this 
there is a clear substance, the nuclear sap or haryolymph,^ 
is not readily stained. Embedded in the karyoljmph is a net- 
work, or retkuhim. This is usually said to be composed of Imin 
on which another substance, chromatin^ is distributed. Chromatin 
is very easily stained, so that it is conspicuous in stained prepa- 
rations. The niideus also usually contains one or more rounded 
bodies, the niieleolL The function of the nucleoli is somewhat 
obscure, and it is probable that they have various functions in 
different cells. In general, however, the nucleolus would seem 
to be a mass of accumulated material which is usually, though 
not always, utilized in the metabolic processes of the nucleus. 

Mitosis. The division of the cell is initiated by the division 
of the nucleus. In the ordinary method of division a nucleus 
passes through many stages, and the whole complicated process 
is known as mitosis. Its chief function seen# to be to divide 
all parts of the chromatin equally between the two daughter 
nuclei. Mitosis may be considered as consisting of the following 
stages : prophasej metaphase, anaphase, and telophase. 

Prophase. The initiation of the division of the nucleus is 
marked by the resolving of the reticulum into a number of 
more or less distinct units, the chromosomes (Fig. 229, C, J), S'). 
These chromosomes are frequently arranged end to end in a 
more or less continuous thread (spireme'), which later segments 
transversely into separate chromosomes. Sometimes, however, 
the chromosomes are independent from their first formation. 
The material of the chromosomes condenses and becomes more 
or less evenly distributed along the length of the chromosomes. 
This results in giving them a dense appearance. The chromo- 
somes may be variously shaped, but they are perhaps most 
frequently somewhat long and slender. 

While the chromosomes are being formed, jS5n7s make their 
Appearance in the protoplasm surrounding the nucleus. These 
■ fibrils assume such a position that they radiate from two points, 

: called poles, on opposite sides of the nucleus. The nuclear 
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niembraae disappears, fibers grow into the nucleus. 

Some of them become connected with the chromosomes, while 
others stretch from pole to pole. At this stage the Avhole col- 
lection of fibers assumes the shape of a spindle, and collectively 
they are called the (Kig, 229, F')- 

After the growth of 1^1^^ spindle fibers into the iiiicleus and 
the disappearance of 1^1^^ ^^cielear membrane the karyolyniph 
becomes mixed with the surrounding cytoplasm. As both nuclear 
membrane and karyoly^pl^ disappear and become mixed witli 
the cytoplasm, and do i^<ot form part of the daughter nuclei, 
they cannot be regarded as permanent cell organs. During the 
early stages of prophase the nucleolus usually becomes steadily 
smaller and may disapp®^^ altogether, indicating that it consti- 
tutes a store of reserve material which is drawn on during the 
process of division. If laucleolus persists after the disap- 
pearance of the nuclear ^^^cmbrane, it lies free in the cytoplasm 
and finally disappears. Like the nuclear membrane and nuclear 
sap it cannot, therefore, be considered as a permanent part of 
the nucleus. 

Metaphase. As the fibers form the spindle the chromosomes 
quickly become arrang®^ ^ single plane at the equp»tor of the 
spindle. The stage daring which they are in this position is 
called metaphase (Fig. 229, By the end of metaphase each 
chromosome has separated lengthwise into two daughter chro- 
mosomes. The splitting? however, may take place before meta- 
phase and even as soon as early prophase. 

Anaphase. After metaphase one of each pair of daughter 
chromosomes travels to one pole, and the other chromosome of 
each pair to the opposite pole (^Fig. 229, if). The stage during 
which the daughter chromosomes move from the equatorial 
region of the spindle toward the poles is known as anaphase. 

Telophase. When the' chromosomes reach the poles, they 
collect into a more or less solid-appearing mass. This marks 
the beginning of telophase (Fig. 229, i, Y). Soon clear droplets of 
karyolymph appear withiri the mass of chromosomes and also be- 
tween the outermost cbromosoines and the cytoplasm(Fig. 229, ii), 
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Where,, the , karyolympli comes in contact with ' the ■ cytoplasm a 
nuclear membrane is produced. The formation and enlargement 
of the spaces containing karyolymph continue (Fig. 229, L) until 
the chromosomes again become scattered in the form of a net- 
work typical of the resting stage (Fig. 229, Ji"). As the mass of 
chromosomes becomes more and more spread out by the forma- 
tion of karyolymph a new nucleolus makes its appearance. 

Formation of cell walls. As the chromosomes become collected 
at the poles small thickenings are formed on the fibers in tlie 



Fig. 230. Successive stages in the formation of a cross wall between two 
daughter cells in Tradescantia root tip. (x 1300) 


equatorial region. The fibers gradually spread out until the 
sides of the spindles reach the sides of the cell walls, and the 
thickenings grow until they form a membrane across the original 
cell, dividing it into two (Fig.»230). Subsequently new" cell 
walls are deposited on the sides of this membrane, the mem- 
brane itself being the site of the middle lamella. 

Individuality of the chromosomes. The number of chromo- 
somes in a nucleus varies greatly with different species but is 
constant for the same species. The chromosomes are believed 
to retain their individuality through the resting stage of the 
nucleus, and so from one cell generation to the next. In oilier 
words, the same chromosomes that pass to a pole in the ana- 
phase of one division reappear during the prophase of the 
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succeeding division. During the organization of a daughter 
nucleus from a group of chi'omosomes the chromosomes become 
connected by anastomoses. When the chromosomes reappear in 
the succeeding prophase these anastomoses break down and the 
chromosomes are separate except in so far as they may be 
joined together, end to end, in the spireiiie. Indeed, where cell 
divisions follow each other in rapid succession the spreading out 
of the chromatin during the resting stage may not go far enough 
to obscure the identity of the individual chromosomes. 

In following the process of division we have seen that the 
nuclear membrane, the karyolymph, and the nucleoli disappear 
during division and are formed anew during the organization of 
the daughter nuclei. The chromosomes not only appear to per- 
sist from one cell generation to the next but they are the only 
parts of the nucleus that do so. For this and other reasons they 
are generally regarded as the most important constituents of the 
nucleus and as the site of the mechanism or factors which deter- 
mine the hereditary characteristics of an organism. 

Chromosomes and fertilization. During the process of fertiliza- 
tion the male nucleus and the egg nucleus come together and the 
sides that meet become flattened against each other. The parts 
of the two nuclear membranes that are in contact disappear, and 
thus the contents of the two nuclei come . to be inclosed by a 
single nuclear membrane, a part of which comes from the male 
nucleus and a part from the egg nucleus. In this way the chromo- 
somes which were in the male nucleus are added to those which 
were in the egg nucleus. The fertilized egg thus contains the 
chromosomes of both the egg nucleus and the male nucleus, or, 
usually, double the number of chromosomes that were in either 
of the fusing nuclei. 

When the fertilized egg nucleus divides, every chromosome 
splits into two, and one of each pair of the resulting chromo- 
somes goes to each daughter nucleus. In this way each daughter 
nucleus contains the same number of chromosomes as the nucleus 
of the fertilized egg. The chromosomes divide in the same man- 
ner in the second and all subsequent nuclear divisions in the 


THE FLOWER 


229 


vegetative parts of the organism, and so the same number of 
chromosomes are distributed to every cell in these parts. 

Reduction of the number of chromosomes. If the same number 
of chromosomes as are found in the vegetative nuclei went into 
the egg and sperm nuclei, the fertilized egg of each generation 
would contain twice as many chromosomes as the nuclei of the 
preceding generation. This result is prevented by the presence 
of one division in the life cycle in which the number of chromo- 
somes is reduced to half that found in the ordinary vegetative 
nuclei. In flowering plants this reduction takes place before the 
formation of pollen grains, and also before the development of 
the embryo sac. 

Each anther produces a number of cells known as pollen mother 
cells. By two successive divisions each pollen mother cell 
gives rise to four pollen grains. The reduction in the number of 
chromosomes takes place in the first division of the pollen mother 
cell, so that the nuclei of the pollen grains, and consequently 
the male nuclei, contain half the number of chromosomes found 
in ordinary vegetative nuclei. 

The formation of the embryo sac is preceded by the develop- 
ment of a single, rather large cell called the megaspore mother 
cell. This gives rise, by two successive divisions, to four cells 
which are known as megaspores. The reduction in the number 
of chromosomes takes place during the first division of the mega- 
spore mother cell. Typically, three of the megaspores degen- 
erate and disappear, while the other develops and produces" the 
embryo sac. The nuclei of the embryo sac, including the nucleus 
of the egg, thus resemble the male nuclei in containing half the 
number of chromosomes found in the ordinary vegetative nuclei. 
The union of the male nucleus with the female nucleus gives the 
fertilized egg the same number of chromosomes as were in the 
fertilized egg of the preceding generation. Thus the same num- 
ber of chromosomes is preserved from generation to generation. 

Heterotypic mitosis. The division in which the niimber of 
chromosomes is reduced is known as the heterotypic division. 
In the prophase of this division there is a stage which is 
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not found in ordinary nuclear divisions. During this stage the 

chromosomes become joined together in pairs. 

As a result of this the chromosomes, instead of taking their 
places on the spindle singly, do so in pairs. In all other 

divisions each chro- 
mosome splits longi- 
fy// /] tudinally; but during 
. ^ this division, instead 

of each chromosome’s 
\ ^ splitting, the members 

of each pair separate, so 
( llll \ that only half as many 

\ III III) chromosomes pass to 

_ jy the poles in the ana- 

phase of this division 
preceding 

division. 

Lie (5 1 €^^€\ ^ ^ different chro- 

(fF(\ ^ mosomes are believed 

\ \ I /p to carry different he- 
XX reditary factors, and 

Fig. 231. Diagrammatic representation of the some cases the in- 
behavior of chromosomes during fertilization dividual chromosomes 
and reduction can be distinguished 

For convenience in tracing the history of the f^Cin each other by 
chromosomes, those from the male nucleus are differences in size and 
shaded. Above is the union of male and female ghane The chromo- 
imclei to form the fertilized egg ; lower left, di- ^ ^ 

vision of fertilized egg ; lower center, union of scmes 111 the male nu- 
chromosomes from the male and egg nuclei in cleus appear to differ 
pairs in prophase of reduction division ; lower fpoui each other while 
right, the constituents of the pairs of chromosomes i 4. ^ • 

have separated at metaphase of reduction division complete set in 

the male nucleus is 
apparently similar to the complete set in the egg nucleus. The 
fertilized egg thus has two complete sets of chromosomes. 

When two chromosomes unite in the prophase of the hetero- 
typic division, these seem to be not dissimilar but similar 
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chromosomes, one of which came from the egg ami ifie. otlicn- 
from the sperm nucleus. The result of this union in pairs of 
similar chromosomes in the prophase, and their later .sepai-athm, is 
that each daughter nucleus receives a similar set of diromos< mics. 
In other words, if a daughter nucleus formed by the hcterotyiuc 
division receives four chromosomes, it is believed that tliesc four 
chromosomes are all different, and that each is similai' to a chro- 
mosome found in the sister nucleus. I ertilization and the hetei o- 
typic division are shown diagrammatically in Fig. 281. 

While a set of chromosomes in the egg nucleus of one plant 
is believed to carry a set of hereditary factors very similar to the 
set in any egg or male nucleus of the same species, tlmsi^ sets 
of factors are not necessarily identical, as different individuals 
within the same species frequently show different heretlitary 
characteristics. 


CHAPTER VIII 


HEREDITY AHD EVOLUTION 
HEREDITY 

. The fact that, in general, offspring tend to resemble their 
parents has been known from early times. The modern con- 
ception of the definite laws of heredity, however, is of com- 
paratively recent date and may be said to have begun with 
Mendel. In 1865, after eight years of investigation, Mendel 
read the results of his work before the Natural History Society 
of Briinn, and the following year published them in the transac- 
tions of that society. Unfortunately his results were neglected 
until independent investigations by three botanists led to their 
rediscovery in 1900. It was then found that Mendel had dis- 
covered fundamental laws of heredity. The type of inheritance 
described by him is now known as Mendelism. 

MENDELISM 

Color inheritance in the fottr-o^clock. The subject of inherit- 
ance can best be introduced by means of a few examples. If red- 
flowered four-o’clock plants are crossed with white-flowered ones, 
the offspring will have pmk flowers. If, now, one dl these plants 
with pmk flowers is self -pollinated, or if pink-flowered plants are 
cross-pollinated, their offspring will consist of red-flowered, pink- 
flowered, and white-flowered plants in the proportion of one red, 
two pink, and one white. If, now, the red-flowered plants are 
self-fertilized, all their offspring will have red flowers, ai\d suc- 
cessive generations will continue to have red flowers for as many 
generations as they are self-fertilized. In the same way, if the 
white-flowered plants are self-fertilized, their offspring will have 
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white flowers. When, however, pink-flowered plants are self- 
fertilized, they will, like their pink-flowered parents, again pro- 
duce red-flowered, pink-flowered, and white-flowered plants in 
the ratio of one red, two pink, and one white. The inheritance 
of the flower color in this plant, and its explanation in terms of 
fadors and chromosomes, is shown in Fig. 232. The flowers 
represent plants ; B, a chromosome carrying a factor for red ; 
ir, a chromosome with a factor for white. Circles represent 
f/ametes (sexual cells). 

The explanation of color inheritance in the four-o’clock is as 
' ( follows : A red-flowered plant has two chromosomes, each with 

" \ a factor for red. During the reduction division these segregate 
so that the gametes possess only a single chromosome with a fac- 
tor for red. Likewise, a white-flowered plant has two factors 
for white, while a gamete produced by a white-flowered plant 
carries only one such factor (line 1, Fig. 232). 

The hybrid (known as the or first filial, generation) is 
tlierefore produced by the union of a gamete with a chromo- 
some carrying a factor for red and a gamete having a chromo- 
some with a factor for white. The result is that the hybrid 
possesses both a factor for red and one for "white, and is pink- 
flowered (line 2, Fig. 232). When this individual gives rise to 
gametes, these will be of two kinds, some with a chromosome 
bearing a factor for red and others with a chromosome bearing 
a factor for white. Just as the chromosome carrying the factor 
for red and that ^yith the factor for white came together in the 
fertilized egg, so they again separate before the formation of 
gametes. The generation (F^) formed as a result of the union 
of the gametes produced by the F^ hybrids is shown in Fig. 232. 
If a male nucleus with the factor for red fertilizes an egg with 
the factor for red, the result will be a plant which has two fac- 
tors for red in all its vegetative cells and which will produce 
red flowers. Likewise, if a male nucleus with a factor for white 
fertilizes an egg with a factor for white, the fertilized egg will 
have two factors for white and the plant will produce white 
flowers. When, however, a male nucleus with a factor for white 
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fertilkes an egg wliicli lias a factor for red, or vice versa, the 
fertilked egg has a single factor for white and a single factor for 
red, and the resulting plant will have pink flowers. When the 
hybrid gives rise to sexual nuclei, there will be, on the aver- 
age, an equal iiiiiiiber of egg nuclei with the factor for red and 
egg nuclei with the factor for white. Likewise, there will be an 
equal number of pollen grains with the factor for red and pollen 
grains with the factor for white. The two kinds of male nuclei 
produced will, according to chance, fertilize an equal number of 
eggs. Moreover, each kind of male nucleus will tend to ferti- 
lize an equal number of eggs with the factor for red and eggs 
with the factor for white. The male nuclei with the factor for 
red will then fertilize eggs in the ratio of one with the factor 
for red to one with the factor for white, so that there will be 
one plant with red flowers to one with pink flowers. In a simi- 
lar way, the male nuclei with the factor for white will give rise 
to one plant with pink flowers to one plant with white flowers. 
Thus we get plants in the ratio of one plant with red flow'ers, 
two with pink, and one with white (Fig. 232). 

Parity of gametes. Inheritance of color in the four-o’clock illus- 
trates one of the fundamental principles of Mendelian inherit- 
/ance, that is, purity of gametes. The fusion of two gametes with 


alternative characters, such as red and white, results in a hybrid 
the body cells of which will contain the factors for both characters. 
When, however, this plant produces gametes, the factors for 
these two characters will separate, and one of them will be 
found in one gamete and the other in another gamete. One 
gamete will thus contain only one of two such alternative char- 
acters. In other words, a gamete of a four-o’clock can contain 
either a factor for red or a factor for white, but not both. In 
this w^ay the alternative characters are segregated when gametes 
are formed, so that no gamete is a hybrid so far as a single pair 
of characters is concerned. The segregation of the factors is due 
to their being located in corresponding chromosomes which are 
separated and distributed to different nuclei during the reduc- 
tion division. 
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Defiaitioa of terms. la discussing lieredit}?" there are a few 
technical terms which are very convenient and which are used 
in even the simplest discussions of the subject. A few of these 
are here defined. 

A gamete is a cell that fuses in sexual reproduction. A zygote 
is a cell formed as the result of sexual fusion. Two alternative 
characters, such as tallness and dwarfness, are known as allelo- 
morphs, All individual is said to be homozygous for a certain 
character, when it contains two factors for that character and 
does not contain the factor for the other member of the pair of 
allelomorphs. An individual is said to be heterozygous when it 
contains factors for both members of a pair of allelomorphs. 
When two plants are crossed, the parent plants are known as 
the Pj generation, and the resulting offspring as the genera- 
tion; when this generation is self -fertilized or interbred, the 
offspring compose the generation ; the subsequent genera- 
tion is known as the F^ generation; etc. 

Dominance. Mendel crossed tall and dwarf varieties of garden 
peas and found that their offspring in the first generation were 
all tall. These may be called tall hybrids, as they were pro- 
duced by crossing tall and dwarf varieties. When these tall 
hybrids were self -fertilized, they gave rise to tall and dwarf 
plants in the ratio of three tall ones to one dwarf. When the 
resulting dwarf plants were self -pollinated, they always produced 
dwarf offspring. One third of the tall ones contained two fac- 
tors for tallness and none for dwarfness, and when self-fertilized 
always gave rise to tall offspring only, while the other two thirds, 
which were tall hybrids, produced dwarf and tall, as did their 
hybrid parents, in the ratio of one dwarf to three tall. These 
tall plants, like those of the preceding generation, cofisisted of 
one third which had no factor for dwarfness and always gave 
rise to tall plants when self-pollmated, and two thirds which 
were tall hybrids and again repeated the ratio of three tall to 
one dwarf. This relation is shown in Fig. 233. The inheritanee 
of the factors for tallness and dwarfness after the crossing of 
tall and dwarf plants is shown by the letters under the words 
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TALL 


TALL HYBRID 

TALL HYBRID 


DWARF 

TT 


n 

T(D) 

T(D) 
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DD 
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TALL 

TALL 
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TALL HYBRID 

TALL HYBRID 


DWARF 

DWARF 

TT 

TT 

n 

T(D) 

T(D) 1 

n 

DD 

DD 


Fia. 233. Diagram showing inheritance of tall and dwarf characters in 
peas ; also inheritance of factors for tallness T and dwarfness D. (D) sig- 
nifies dwarfness dominated by tallness 

dominant character. A character which does not appear is said 
to recede, or to be a recessive character. In this case tallness is 
a dominant character as compared with dwarfness. Dominance^ 
like purity of gametes, is an important Mendelian principle. In 
the case of the four-o’clock plants the red color of the flowers 
is not nearly so dominant as is tallness in peas. The red color 
of the four-o’clock is said to be incompletely dominant. 

In different cases there may be various degrees of dominance. 
In some plants flower color may be just as dominant as tall- 
ness in peas, while in other plants length may be only partially 


describing the heights of the plants. T represents tallness ; D, 
dwarf ness ; and (D), dwarf ness which is dominated by tallness. 

Ill the ease just discussed, when tall plants were crossed with 
dwarf ones, their offspring were all tall. If plants with two 
opposite characters are crossed and their offspring show one of 
the characters and no influence of the other, then the character 
wLicli appears in the offspring is said to dominate, or to be a 


TALL 

1 



DWARF 

TT 

1 


DD 
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domiiiaiitv Tims, tlie fact that a character is dominaiit in one 
species does not necessarily imply that it is dominant in other 
species. Such facts can be determined only by observation. 

On examining Fig. 233 we find that the factors for tallness 
and dwarfness are inherited in exactly the same way as the fac- 
tors for color in four-o’clock plants. When a pure strain of tall 
peas is crossed with a dwarf one, the plants of the first hybrid 
generation contain a factor for tallness and also a factor for 
dwarfness, even though the factor for dwarfness is recessive. 
These plants, if self -pollinated, will produce three kinds of plants, 
even though, on superficial examination, there would appear to 
be only two. The three kinds are produced in a ratio of one 
which has two factors for tallness and none for dwarfness, and 
so can produce only tall offspring ; two which contain both the 
factor for tallness and the factor for dwarf ness, and so can pro- 
duce both tall and dwarf offspring; and one which contains two 
factoi's for dwarfness and none for tallness, and so can produce 
only dwarf offspring. The plants which contain both the factor 
for tallness and the factor for dwarfness will be like their hybrid 
parents in hereditary height factors, and so will naturally give 
rise to the same kmds of plants as did their parents, and in 
the same proportion. 

In writing the abbreviations of characters it is very conven- 
ient as well as customary to represent the dominant character 
by a capital letter, as T for tallness, and the recessive char,acter 
by the same letter not written as a capital. Thus, when tall- 
ness is dominant over dwarfness, dwarfness may be indicated by t 

Inheritance of two pairs of characters. When we observe 
any organism we see that it is a morphological and physiolog- 
ical unit. From the standpoint of inheritance it is, however, 
made up of a number of hereditary units or characters, which 
most often appear to be inherited independently of each other. 
The examples of inheritance which we have considered demon- 
strate very clearly the segregation of characters and the purity 
of gametes, while the inheritance of height in peas is a good 
example of dominance. The independence of characters can be 
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empliasized by a consideration of the inheritance of two pairs 
of characters which Mendel studied in garden peas. 

In peas round seed is dominant over wrinkled, seed, and 
yellow seed over green seed. When, therefore, we cross a plant 
having round yellow 
seed with one having 
wrinkled green seed, the 
g6^^^'Q'tic)n will have 
round yellow seed. If 
these hybrids are self- 
fertilized, they will give 
rise to the following 
kinds of plants in the 
following ratio: nine 
with round yellow seed, 
three with round green 
seed, three with wrin- 
kled yellow seed, and 
one with wrinkled green 
seed. This relationship 
is shown in Fig. 234, in 
which the small squares 
represent individuals, 
while circles represent 
gametes, stands for a 
factor for round; r, for Fi«-284. Diagram showing inheritance of 

•11^ T7- i! 1 seed characters in warden peas 

wrinkled; F, for yel- & i 

low * and v for crreen. Squares represent individuals ; circles contain- 
^ 1 ^ , iuff letters are srametes : letters represent factors 

Fiom the diagiam it as follows: JS, round; r, wrinkled; F, yelhnv; 
will be seen that the y, green 

generation contains a 

factor for round, one for wrinkled, one for yellow, and one for 
green. When this plant forms gametes, both the male and the 
female gametes will show four different combinations of factors: 
namely, round and yellow, round and green, wrinkled and yel- 
low, and wrinkled and green. A male nucleus with the factors 





240' ■ A TEXTBOOK' OF GENERAL BOTANY 


■for round and yellow can fertilize any of the four kinds' of eggs, 
and' according to chance will fertilize the different kinds in equal 
numbers. Likewise the three' other kinds of male nuclei will fer- 
tilize all four kinds of eggs in equal numbers. The different 
combinations produced are shown in rectangles in the lower part 
of the diagram. Such a set of rectangles may be very simply 
constructed by writing the factors for one of the kinds of eggs 
in each square bf the first vertical row of squares, and the fac- 
tors for each of the other kinds of eggs in a separate vertical 
row' of squares. The characters for male nuclei should be simi- 
larly written in horizontal rows. If we examine the squares in 
the lower part of the diagram, we shall see that there are nine 
which contain both M and T, and so represent plants with round 
yellow seed ; three which contain E but not T, and so represent 
plants wnth round green seed ; three which contain Y but not 
A, and so represent plants with wrinkled yellow seed ; and one 
square which contains neither E nor F, and so represents a plant 
with wrinkled green seed. The last-mentioned rectangle is the 
only one of the sixteen w’-hich represents a plant that is pure for 
both recessive characters. Likewise, there is only one of the 
sixteen rectangles which represents a plant that is pure for both 
dominant characters. 

A line drawn diagonally from the upper left-hand corner to 
the low'er right-hand corner of the large square in the lower 
part of Fig. 234 passes through four small squares, each of 
which represents a different kind of individual that is homo- 
zygous for one of each of the two pairs of characters. Simi- 
larly, a line drawn from the lower left-hand corner to the 
upper right-hand corner of the large square passes through four 
small squares, each of which is heterozygous for both pairs of 
characters. 

The generation of a cross between peas having round yel- 
low seed and peas having wrinkled green seed shows very clearly 
that ill this case the pairs of characters are independent of each 
other. In other words, round and yellow, and likewise wrinkled 
and green, are inherited independently of each other. 
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Linkage. Tlie number of chromosomes in an organism is usu- 
ally not very great, while, on the other hand, the organism has 
a lara'e number of characters. It should follow from this that 
one chromosome would carry several or many different factors. 
Moreover, factors which are in the same chromosomes should 
be linked together in inheritance. This reasoning is borne out 
by the fact that many characters are linked together in inherit- 
ance. In the Chinese primrose the factors for red stigma, red 
flower color, long style, dark stem, and light corolla tube are 
linked together. In garden peas the factor for round seed as 
opposed to wrinkled seed and the factor for tendriled as opposed 
to nontendriled leaves go together. We may conclude, there- 
fore, that factors in the same chromosome are linked together, 
while those in different chromosomes are independent. 

Trihybrids. In the consideration of the inheritance of two 
pairs of characters we have seen that sixteen combinations are 
involved in the generation. These include plants of four 
diflPerent appearances and nine different germinal compositions. 
When three pairs of characters are considered, sixty-four in- 
dividuals are involved in the F^ generation. These include 
plants of eight different appearances and twenty-seven differ- 
ent germinal compositions. Only one of the sixty-four contains 
only dominant factors, and, likewise, only one contains only 
recessive characters. 

The inheritance of three pairs of characters may be illustrated 
by garden peas. In these plants we have seen that tallness is 
dominant over dwarfness, yellow seed is dominant over green 
seed, and round seed is dominant over wrinkled seed. If tall 
individuals with yellow round seed are crossed with dwarf 
ones with green wrinkled seed, the offspring in the genera- 
tion will contain factors for tallness, dwarfness, yellow, green, 
round, and wrinkled ; but all the individuals will be tall with 
yellow round seeds, as these characters are dominant. 

When the F^ generation forms gametes, these are of eight 
kinds, and the fusing of eight kinds of eggs with eight kinds 
of male nuclei gives rise to sixty-four combinations. These 


242 A TEXTBOOK OF GENERAL BOTANY 


relationships are shown in Fig. 235, in which T represents tall ; 
dwarf; F, yellow; y, green; E, round; and r, wrinkled. 



Fio. 285. Diagram showing inheritance of three pairs of characters in 
garden peas : tallness, T, dominant over dwarfness, i ; yellow seed, F, dom- 
inant over green seed, y ; round seed, R, dominant over wrinkled seed, r 

Complementary factors. In all the cases that we have so .far 
considered, a single factor is responsible for the production of 
a character, but in some cases more than one factor is neces- 
sary, This may be illustrated by the case of two strains of 
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wliite-graiiied corn whicli, when crossed, will give all 'red grains 


in the generation.. 


In the generation there will be nine 


red to seven white. This 
ratio suggests at once 
that liere is a case of 
the inlieritance of two 
factors. Ill such a ease 
nine out of sixteen indi- 
viduals have both dom- 
inants of two pairs of 
allelomorphs. 

Two factors were nec- 
essary to produce the red 
color, and one of these 
was present in one of the 
strains and the other in 
the other strain. When 
these two strains were 
crossed, all the individ- 
uals in the generation 



|C e IpcE 
^ 2 CE 3 


1 ^ E 2 3 CE 4 

5 Cee Cey Ce a 
CE ^Ce ^ 

9 cEio cE II cE i 2 

CEpCeecEec 


CE 4 CE 

C e a Ce 


contained both factors \ CE MCe WcE Mce |/1 

and so were red. In the Q 4, d 3. reL ce 

F^ generation nine of the 

sixteen individuals con- I'ig- 2S8. Diagram of inheritance of com- 

tained both factors that Producing a red color 

„ - m corn 

were necessary for color 

and so were red six eon- The complementary factors are dominant and 
’ are represented by G and while their 

tained one or the other absence is shown by c and e respectively, 
of the two factors and parent has only one of the coinplemeu- 

were white, while one did f ^ 

. . has both factors and IS red. The red color in 

not contain either of the the grain is indicated by stippling 

two factors and so was 

white. Two factors, both of which are necessary for the produc- 
tion of a single character, are known as complementary factors. 

The inheritance of the factors in the above case is shown in 
Fig. 236, in which one of the necessary factors is represented 
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as 0 and its absence as (?, while the other is represented as ^ 
and its absence as e. 

limy pigments in plants are produced by the action of 
enztjmes on a colorless substance, known as chromogen. What 
may be the explanation of the above ease of inheritance in corn 
is that one of the strains of white-grained corn contained a factor 
for cliroinogen and the other a factor for an enzyme capable 
of acting on the ehromogen and producing red. When these 
two strains were crossed, the resulting plants contained both 
chromogen and enzyme, and so the grains were red. 

A consideration of complementary factors shows that more 
than one factor may be necessary to produce a given character, 
and it is probable that any character is the result of several or 
many factors. When the inheritance of a pair of contrasting 
characters appears to be due to a single pair of factors, this does 
not mean that only one factor is necessary for the production of 
a character, but simply that a difference between two factors of a 
pair results in the appearance of a pair of contrasting characters. 
In the case of the inheritance of red color in corn, illustrated in 
Fig. 236, the color is due to at least two factors. However, if 
we were to cross the individuals represented by squares 1 and 6 
in the lower part of the diagram, red would appear to be a simple 
Mendelian dominant, conditioned by a single factor, as the two 
individuals differ from each other only in the factors and e. 
Not only is one character the result of the interaction of many 
factors, but one factor may influence more than one character. 

Cumulative factors. Some plants contain more than one pair 
of factors which produce similar results. Such factos are 
known as cumulative factors. These may be illustrated by 
certain strains of Avheat. In breeding experiments a strain of 
wheat with white kernels was crossed with one with red kernels, 
and the individuals of the generation were intermediate in 
color. In the generation there were fifteen red to one white. 
Moreover, the red individuals were represented by four shades 
of red. The explanation of the results is that the red strain 
contained two pairs of factors for the production of red, that 
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the different factors were cumulative in their action, and that 
all four factors were necessary for the production of the depth 
of color shown by the parent red strain. If we let A stand for 
one,, of these factors for 
red, and B for the other 
factor, tlieii the red strain 
may be represented by 
BABB^ and the white 
strain by aahh. When 
these two strains were 
crossed, the genera- 
tion contained the factors 
AaBk The individuals 
of this generation thus 
contained only half as 
many factors for red as 
the parent red strain, 
and their color was in- 
termediate between that 
of the red and the white • 
strain. When this F^ gen- 
eration formed gametes, 
they were of four kinds, 

AB, Ab^ aBj and ak 
The 

therefore show the six- 
teen combinations char- 
acteristic of dihybrids. 

Fig. 237 shows the re- 
sults. An examination 
of the squares in the 
lower part of the diagram 
shows that only one out of sixteen does not contain either A or 
B, This individual has only recessive characters and is white, 
while the other fifteen are red. Only one, however, contains 
four factors for red, and this is the only one with as deep a 


Fig. 23 7. Diagram representing inheritance 
of two pairs of cumulative factors, ^1/i and 
BB, which j)roduce a red color in wheat 

The absence of A and B is represented by a and 
6 respectively. Squares represent individuals ; 
circles, gametes. The number of factors for 
red, and consequently the degree of redness, 
is shown by the number of the letters E in the 
wheat grains 
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color as the original red strain. Six indixdduals contain two 
factors for red, or exactly half the number in the original red 
strain. Tlie number of factors for red (and so the depth of 
color) is indicated by the number of the letters E- shown in the 
grains in the squares- 

Another set of experiments with wheat is even more interest- 
ine in connection with cumulative factors. A different red 
strain was crossed with a white strain, and the individuals of 
the generation were again intermediate in color. In the F^ 
generation there were sixty-three reds of various shades to one 
white. In this case the red strain appeared to contain three 
pairs of factors for red, all of which seemed to produce about 
the same degree of color and all of which were necessary to 
produce the depth of color shown by this strain. The propor- 
tion of sixty-three red to one white is evidently a trihybrid 
ratio. In trihybrid ratios there is only one out of sixty-four 
in the F^ generation which is purely recessive, and so, if the 
red strain contained three pairs of factors for red, the F^ gen- 
eration of a cross between this red and a white should produce 
only one out of sixty-four individuals without a factor for red. 
Likewise, there would be only one out of sixty-four which 
would have six factors for red and which would be as dark 
as the red strain. In all there were six degrees of redness. 

In some cases crosses are made in which offspring interme- 
diate in characters appear to breed more or less true to the 
type of the F^ generation. It is interesting to consider these 
cases in connection with cumulative factors. If there were six 
pairs of cumulative factors, then in the F^ generation each of 
the original types would be represented by only one individ- 
ual out of 4096. The F^ generation would be intermediate in 
characters between the two parent forms, and in subsequent 
generations it would be very rare to find an individual like 
either of the parent types; unless very large numbers of indi- 
viduals were reared, such types might fail altogether to appear. 
The hybrid would then seem to breed more or less true to the 
hybrid type. 
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Appiication of Mendelism. The laws of inheritance known as 
Meiiclelism were first discovered , in plants. Afterward they 
were found equally applicable to animals, us w^ell as to human 
beings. The value of definite laws which can be applied to 
animal and plant breeding can hardly be overestimated, while 
human society seems certain to be profoundly influenced by 
the application to itself of these same laws. 

Much greater progress has been made in the study of Mendel- 
isiii in plants and animals than hi man, as it is of course not 
possible to conduct experiments with human beings in the same 
way as with plants and animals. Moreover, we know that most 
human beings are very complex hybrids, and this in itself makes 
it difficult to study inheritance in man. Also, man is a slow- 
breeding animal, so that it has been impossible for modern 
students of heredity to observe many generations, while it is 
difficult to get accurate descriptions of characteristics of gen- 
erations that have died. 

Many human characters which seem to behave in Mendelian 
fashion have been catalogued. Among these are curly hair 
dominant over straight hair, dark hair over light hair, brown 
eyes over blue eyes, normal pigmentation over albinism, and 
normal condition over hereditary insanity or feeble-mindedness. 
In crosses between the negro and the white, color of skin 
does not act as a simple character dependent on one factor. In 
the Eg and subsequent generations, however, there may be 
individuals much lighter or much darker in color than the 
mulatto parents. Indeed, the color may be as dark as that ol 
a negro or light enough to pass for white. These results indi- 
cate that the color is conditioned by multiple factors which act 
in Mendelian fashion. In a previous connection we have seen 
that if three cumulative factors are concerned, then in the 
generation each of the original races would be represented by 
only one individual out of sixty-four, while sixty-two would be 
intermediate. If six factors were concerned, only one out of 
4096 individuals of the generation would have the germinal 
composition of each original race. 
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PLANT BREEDING 

Selection, The method of obtaining improved varieties lias 
I* been that of selecting plants with desired characters for propa- 

gation, and discarding undesirable ones. Of course, the act of 
selecting individuals with desirable characters cannot produce 
anything new, as selection presupposes variations which can be 
selected. In order to learn how new varieties are produced it 
is necessary, therefore, to consider the origin of variation. Van- 
is a universal phenomenon among both plants and aiiiinals, 
— so universal, in fact, that it has given rise to the common 
* ' expression that no two plants or animals are alike. 

Acquired characters. Favorable methods of cultivation fre- 
j ^ ‘ s quently result in the production of larger and more vigorous 

\ individuals. If a plant attains to an exceptionally large size 

by growing under unusually favorable conditions, this size is 
said to be an acquired character, as it is one acquired during 
the life of the individual and not one that the individual in- 
herited. Such acquired characters do not appear to be inherited. 

' ^ The seeds of vigorous plants are likely to be larger than those of 

I weak plants; large seeds contain more stored food than smaller 

ones, and so give the seedlings a better start. In this way the 
' offspring of a vigorous plant may be somewhat larger than the 

offspring of a less vigorous one. This character, however, is not 
I hereditary, as the larger size will be maintained only so long as 

' each generation is grown under the favorable conditions that 

gave rise to this exceptional vigor. 

Continuous variations. The variations between plants are of 
different kinds. Some are minor variations, known as continu- 
ous variations, which are not inherited. When many plants 
of one homozygous variety are examined, it is found that they 
differ from one another by slight variations which are quanti- 
tative in character and do not depart from the average beyond 
a certain limit. Thus, some plants will be shorter and others 
taller, some will have deeper-colored and others lighter-colored 
flowers, etc. While the plants of one generation may vary thus 
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amoiio- themselves, the average for large numbers will be con- 
stant for different generations. Continuous vari^ions are laigely 
or entirely due to environmental conditions. They are said o 
be conthiuous because between any two variations there is a 
.gradual series of variations which differ from one anothei by 

hnperceptible gradations. Continuous variations are also called 
fluctuating variations, because in successive generations the 
character fluctuates around the same average. 

The selection of fluctuating variations cannot produce vane- 
ties with different hereditary characteristics, because, when an 
extreme type is selected, the progeny always tend to i^eturn to 
the average. The most that can be accomplished by selecting 
such variations is to produce a quantitative change while the 
selection is continued. If, during several succeeding genera- 
tions, the seeds of the tallest plants of a variety are selected for 
propagation, we may get taller plants than the average, but this 
Ltra height will disappear as soon as selection is discontinued. 

Hybrids. Hybrids are the offspring produced by the union 
of the sexual cells of different genera, species, or varieties. The 
offspring resulting from the crossing of white-flowered and red- 
flowered plants of the same species are examples of hybrids, as 
are also the offspring obtained by crossing different genera, as the 
radish and the cabbage. In general, crosses are most easily made 
between closely related races. When the races are not closely 
related, the hybrids usually show a lessened fertility or abso- 
lute sterility, while hybrids formed by crossing distantly related 
species are frequently lacking in vigor. 

Variations due to hybridization. When two varieties of plants 
which differ from each other in a number of characters are 
crossed, their offspring will usually show some of the characters 
of each parent, while those characters which are recessive and 
do not appear in the generation will do so in subsequent 
generations. Hybridizing, therefore, tends to produce variations. 
A knowledge of the Mendelian laws of inheritance enables us 
to combine hybridizing and selecting much more intelligently 
than we could otherwise do. We have seen that a cross between 
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tall peas with round yellow seeds and dwarf peas with wrinkled 
green seeds gives, m the generation, tall plants with round 
yellow seeds, as the characters tall, round, and yellow are domi- 
nant over the alternative characters. If it were desirable to have 
dwarf plants with round yellow seeds, these could be obtained 
in the generation. In this generation one out of sixty-four 
individuals wmuld be homozygous for dwarf, round, and yellow. 
The progeny of these individuals would therefore breed true. 
The F^ generation would also contain dwarf individuals with 
round yellow seeds wdnch would not breed true. Such plants 
would be heterozygous for round or yellow or for both of these 
characters. In order to distinguish between the plants which 
are homozygous for the desired characters and those which are 
heterozygous it is only necessary to obtain a sufSeient number 
of plants of the next generation and see which plants breed 
true. Ihis example enables us to see how we can combine the 
desirable characters of one variety with those of another and get 
a variety tliat is superior to both of the parent varieties. 

Mendelism also shows that certain characters are the result 
of a heterozygous condition, and that we cannot obtain a variety 
that will breed true for such characters. Pink four-o’clocks 
afford a good example. As pink flowers are produced only by 
heterozygous individuals, pink-flowered plants will never breed 
true but will produce red-flowmred, pmk-flowered, and white- 
flowered plants in the ratio of one, two, and one. 

^ Mutations. It has been pointed out that the selection of con- 
tinuous variations does not result in hereditary changes, while 
hybridization may produce new varieties. There are, however, 
variations which are not the result of hybridization and which 
are hereditary. These may occur even in pure lines, that is, in 
strains descended from a single self -fertilized homozygous indi- 
vidual. Such hereditary variations are much less numerous than 
are fluctuating variations, and are known as mutations. Char- 
acters which appear as the result of mutations are inherited in 
Mendelian fashion and may be either dominant or recessive. In 
popular language, mutations are frequently spoken of as sports. 
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The improvement of cultivated plants has frequently been due 
to the sdection of mutations. Red sunflowers and giant varie- 
ties of tobacco are examples of mutations. ., 5 

A character which results from a mutation may be considered 
as due to the . modification of something already present rather 
than as the result of the addition of an entirely new factoi. A 
mutant may vary greatly or only slightly rom 

The red sunflower affords a good example of a mutant. In the 
sunflower the so-called flower is, in reality, a head composed of 
many flowers packed close together. The central, or disk, flowers 
are small, while the outer, or ray, flowers are arge “d have 
a brilliant orange color. It is these ray flowers which are larg y 
responsible for the attractive appearance of the head. In the yeai 
1910 a sunflower with chestnut-red rays was found by a road- 
side in Boulder, Colorado. The plant was very striking, and its 
presence could only be explained as due to mutation. In order 
to reproduce the plant it was necessary to cross it with a plant 
having ordinary orange-colored rays, as sunflower plants are not 
fertile unless cross-pollinated. In the generation of this cross 
about half the plants were red and the other half orange. Sub- 
sequently the red color proved to be a Mendelian dominant. 
Therefore the explanation of the fact that m the generation 
of the original cross half the offspring showed the red cdor aud 
half the orange color would seem to be that the original rec 
mutant was heterozygous and contained only one factor for red. 

An examination of the red color of the red sunflowers showed 
that the chestnut-red color was due to the fact that both a red 
pigment and the original orange pigment were present in the rays. 
By subsequent breeding, plants were obtained that had rays with 
the red and without the orange color. These flowers were wine red 
or old rose. The breeding was carried out in the following manner : 

Since the year 1889 there has been in cultivation a variety 
of sunflower called primrose, which arose as a mutant from the 
ordinary orange variety and which is pale yellow. This variety 
was crossed with the chestnut red. In the F^ generation the 
offspring were all chestnut red, as the orange color dominates 
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iChestnut redj 
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Pale yellow 


the pale yellow and the red dominates the absence of red. In the 
geiieratioE there were four kinds of plants obtained : chestnut 

red, orange, wine 
red, and hght yel- 
low, approximately 
in the proportion of 
nine, three, three, 
one. This is the 
dihybrid ratio and 
shows that in this 
case we are consid- 
ering two pairs of 
independent unit 
characters. The 
first pair is the 
dominant red, M, 
and the recessive, 
which is the ab» 
senceofred,r ; the 
second pair is the 
dominant orange, 
0, and the reces- 
sive pale yellow, o. 
By means of these 
symbols there is 
shown, in Bhg. 2S8, 
the crossing of the 
chestnut red and 
the light yellow 
and the composi- 
tion of the and 
generations. In 
the ease of the red 
sunflower we see 
how a new variety can arise as a mutation, and how still other 
new varieties can be obtained by further breeding. 
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Fig. 2B8. Diagram of inlieritance of flower color 
in sunflower 

S represents a factor for the dominant character red ; 
r, the absence of this factor; 0, the factor for the dom- 
inant color orange : and o, the factor for the recessive 
pale yellow. R and 0 together produce chestnut red 





Fig. 239. Hybrid vigor in eorn 
Right and left, two inbred strains ; center, their progeny 


Hybrid vigor. The crossing of two races which are not too 
distantly related frequently results in an mcreased vigor, known 
as hybrid vigor, in the offspring (Fig. 239). In wide crosses 
there is often an increased vigor accompanied by sterility, as in 
the well-known case of the mule; in very wide crosses steril- 
ity may be accompanied by a lessened vigor; while if the ger- 
minal composition of two races is too dissimilar, it is impossible 
to hybridize them. 

Within the range in which crossing results in an increased vigor 
without lessened fertility, the vigor increases with the degree of 


heterozygousness resulting from the cross. Self-fertilization of a 
heterozygous race results in a decrease in the heterozygous con- 
dition ; and so, as might be expected, self-fertilization of a vigor- 
ous hybrid race results in a decrease in vigor which continues 
until a homozygous condition is reached, after which there is no 
further deterioration. 

Hybrid vigor appears to be connected with the fact that the 
hybrid contains the dominant factors of both parents, and that, 
usually, dominant characters are desirable and promote vigor. 

Likewise, the deterioration which follows the self-fertilization 
of vigorous hybrids seems to be connected with a decrease in the 
number of dominant factors m the homozygous races. Moreover, 
when a larP'e nnmhei' nf 
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iiiikage of factors in the same chromosome prevents the accnmii- 
lation in a homozygous condition of all the dominant factors 
present in the hybrid. Thus, if a chromosome from one parent 
of the hybrid contained the dominant factors A and B and the 
recessive factors e and d, and the corresponding chromosome 
from the other parent carried the recessive factors a and and 
the dominant factors 0 and I), the hybrid would possess all four 
dominant factors; but it is not to be expected that self-fertrliza- 
tion would result in an individual homozygous for the four 
factors, J?, 0, and D. 

Inbreeding and outbreeding. Self-fertilization, or the crossing of 
closely related individuals such as brothers and sisters or parent 
and off spring, is known as inbreeding, while the crossing of unre- 
lated individuals is known as outbreeding. 

Inbreeding. The majority of flowering plants are provided 
with some device for promoting cross-pollination. On the other 
hand, some vigorous plants, such as wheat, rice, barley, oats, 
tobacco, beans, and tomatoes, are characterized by very nearly 
continuous self-fertilization. Self-fertilization in these cases cer- 
tainly does not appear to be harmful. Therefore we may conclude 
not only that cross-fertilization is not always necessary, but also 
that self-fertilization is not necessarily harmful. 

It would seem that continuous vegetative propagation without 
any sexual reproduction is also without deleterious effects. Ordi- 
nary varieties of bananas and pineapples are examples of very 
vigorous plants that are always reproduced vegetatively. More- 
over, they have reproduced in this manner throughout the whole 
period during wdiich we have knowledge of them. As far as hered- 
itary composition is concerned, vegetative reproduction and self- 
fertilization of homozygous strains should have the same effect. 

Self-fertilization in corn. Vigorous varieties of corn have 
been found to be complex hybrids. Self-fertilization of such 
varieties results in rapid deterioration. This deterioration is 
most marked in the generation. The deterioration continues 
for several succeeding generations, but the amount of deteriora- 
tion becomes less and less. The final result is the production 
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of approximately homozygous strains which differ greatly from 
each other. When, as a result of self-fertilization, the strains 
become homozygous, no further deleterious effects are produced 
by self-fertilization. When the deteriorated homozygous strains 
are crossed, the vigor of the original plants is restored (Fig. 239). 
This result shows that the deleterious effects following self- 
fertilization were the result of reducing the plants to a homo- 
zygdus condition. Crossing the deteriorated strains restored the 
heterozygous condition, in which the unfavorable recessive 
characters were again masked by favorable ones. 

Deleterious effects of inbreeding. If a strain contained no un- 
favorable recessive characters, self-fertilization could not cause 
the appearance of any such characters. The valuable strains in 
such self-fertilized plants as wheat and beans appear to be homo- 
zygous, and self-fertilization cannot produce deterioration by 
permitting the appearance of unfavorable recessive characters. 
We may conclude, therefore, that self-fertilization can produce 
no harmful effect in homozygous strains, but that it can do so 
in strains which are heterozygous, as it decreases the number of 
dominant factors and also allows unfavorable characters to appear. 
It is apparently for this reason that harmful results frequently 
follow the close mating of domestic animals and of man. These 
are usually complex hybrids and frequently carry unfavorable 
recessive factors which are masked by favorable dominant ones. 

The crossing of two separate individuals, which is characteris- 
tic of cross-pollinated plants and of all higher animals, has a 
tendency to promote a heterozygous condition, and an increase 
in heterozygousness is frequently associated with increased 
vigor. Splf-fertilization, or close inbreeding, has a tendency to 
produce a homozygous condition, and so frequently results in 
decreased vigor in species that are normally cross-fertilized and 
heterozygous. 

The value of outbreeding. Outbreeding frequently affords a 
great advantage over inbreeding in that it results in increased 
vigor, and also because it permits the combination of characters 
of different varieties. The vigor of the generation of a cross 
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is frequently utilized in breeding. A conspicuous example is 
that of the mule, obtained by crossing a mare and a male ass. 
Ill plants many valuable hybrids are reproduced vegetatively 
by buds or by cuttings. This method of preserving a hybrid is 
very frequently practiced with fruit trees and ornamental plants. 

Wliile crossing different strains frequently results in increased 
vigor, it does not follow that a good variety will be improved by 
crossing with a poor one ; in fact, the reverse is usually the case. 
It is, of course, not to be expected that a valuable variety can be 
improved by the incorporation of undesirable characters in it. 

Combination of outbreeding and inbreeding. When a plant can 
be reproduced readily by vegetative means, it is a simple matter 
to retain the desirable characters found in a hybrid. The case 
is very different, however, with organisms that are reproduced 
only by the sexual process. In such cases, if a hybrid is hetero- 
zygoiis for many desirable characters, a strain that will breed 
true for a considerable proportion of them can frequently be 
obtained by inbreeding. Very valuable results may be produced 
by such inbreeding accompanied by vigorous selection. 

NATURAL SELECTION 

The method of improving cultivated plants has been that of 
selection, which may or may not have been accompanied by 
hybridization. Not only is selection the method of improve' 
meiit but, moreover, continued selection is frequently necessary 
if the best qualities of cultivated plants are to be maintained. 
Naturally all injurious mutations should be eliminated, as should 
all undesirable individuals resulting from hybridization. 

Since selection plays such a prominent part in the growing 
of cultivated plants and domestic animals, it is not surprising 
that in nature too plants and animals are subject to a process 
of selection. This selection by nature is called natural seleetum, 
to distinguish it from artiftcial selection, or selection by man. 

Struggle for existence. Observation of natural conditions indi- 
cates very clearly that, except where man has interfered, a given 
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area contains about as many plants and animals as it can sup- 
port. On the average, then, each plant produces one offspring 
which reaches maturity and takes the place of its parent. Every 
mature plant, however, produces many seeds, each of which 
contains a young plant. If all the seeds produced by one plant 
and its descendants should come to maturity, the descendants 
would soon be numerous enough to cover the earth. Likewise^ 
if all the descendants of a pair of animals lived to old age, there 
would be enough of them to populate the earth in a short time. 
Natural selection results from the facts that a given region is fully 
occupied by plants and animals, that these give rise to many off- . 
spring, and that, owing to competition, only a small proportion ' 
of the offspring can grow up and in turn leave descendants. 

Owing to the large number of offspring produced, there is ' 
necessarily competition between the offspring and also between 
these and their parent. There is competition not only between ' 
individuals of the same species but also between different species. 
This competition is the so-called struggle for existence. In the 
case of animals it is perhaps easier to visualize than in the case 
of plants. There is, however, just as true competition between 
plants as between animals. Every farmer knows that it is neces- 
sary to keep down the competition between weeds and his crop 
plants by destroying the weeds. Otherwise the weeds would be 
successful and the crops would disappear. 

Survival of the fittest. In the competition between plants and 
between animals chance plays a considerable part. Bhr example, 
many seeds never reach situations where it is possible for them 
to germinate. Nevertheless it is true that, in general, those indi- 
viduals that are best adapted to their environment and for with- 
standing competition will survive. In other words, competition 
results m the survival of the fittest. By this we do not mean the 
survival of those which are more pleasing or more useful to man- 
kind, but those which are best fitted to live under the conditions 
of their environment and to withstand competition. The survival 
of the fittest might just as well be termed "the elimination of 
the unfit, as what really happens is that the unfit are eliminated. 


258 A TEXTBOOK OP GENERAL BOTANY 


t 

■I 



I 


In natural selection it is those plants that are not fitted to 
their environment, or for withstanding competition, that are 
eliminated, while in artificial selection the plants that are dis- 
carded are those thought to be least serviceable to mankind. 
It frequently happens, therefore, that mutations which would be 
selected and thus preserved by man are very different from those 
which are preserved by natural selection. Such a mutation as 
a seedless orange is desirable from the standpoint of man but 
could not continue to exist in nature. From the standpoint of 
a plant subject to natural selection many seeds and a compara- 
tively small amount of pulp are favorable characters. 

In nature variegated leaves wdth white areas resulting from 
a lack of chlorophyll would be a disadvantage, as the material 
used in constructing these areas would be wasted as far as the 
chief function of the leaves is concerned. From the standpoint 
of artificial selection such plants are frequently desirable on 
account of their ornamental value. In nature such variegated 
leaves are very rare, but they are very common in cultivation. 

Under natural conditions any mutation the result of which 
is unfavorable to the preservation of the species will be elimi- 
nated by natural selection, but there is a tendency for favorable 
mutations to be preserved. 

From the foregoing discussion it is easy to understand why 
many of our cultivated plants cannot survive when left to them- 
selves. Also, it is evident why plants seem thoroughly adapted 
to their environment. 

Significance of sexuality. The value of sexuality is a subject 
about which there has been much dispute. All species of higher 
animals are composed of males and females. This results in the 
production of only half as many offspring as there would be if 
th§ animals were bisexual or reproduced by a vegetative proc- 
ess, The great majority of seed plants also reproduce sexually. 
Moreover, most of them are fitted with some device to insure 
eross-pollination. Considering that plants are subject to a rigorous 
natural selection, and that still the majority i^eproduce sexually, 
it would seem that this method must afford a real advantage. 

’ i 



HEREDITY AND EVOLUTION 


259 


Yet certainly neither cross-fertilization nor even a sexual 
process is necessary for successful reproduction. Among the 
lower animals there are bisexual species and also species in 
which the eggs develop without fertilization. Both of these types 
of animals seem vigorous and successful. There are numerous 
seed plants in which a sexual fusion is unknown and which pro- 
duce fertile seeds. This may result either from the development 
of eggs without fertilization or from the growth of a vegetative 
cell into the embryo sac and' its subsequent development, into an 
embryo. As has been previously pointed out, plants which are 
reproduced vegetatively or which are habitually self-fertilized 
seem as vigorous as those that are reproduced sexually. 

While the sexual process is thus not necessary for successful 
reproduction, this method does afford great advantage in the 
production of variations upon which natural selection can act. 
If a favorable mutation appeared in an individual of a species 
and another favorable mutation in another individual, these 
tw'o mutations could be combined only as a result of the sex- 
ual process. One advantage of the sexual process would seem 
to be the production of new types of individuals which may 
be better fitted to survive. 

EVOLUTION 

The production of anything by the process of gradual unfold- 
ing or gradual change is known as evolution. In this sense we 
speak of the evolution of a machine, the evolution of civilization, 
the evolution of a nation, the evolution of the world, or the 
evolution of the universe. 

The present configuration of the earth is known to be due 
to the accumulation of the same kind of gradual changes as 
are going on around us at the present time. Streams gradually 
deepen their beds, while soil is washed from hillsides into rivers 
and then carried into lakes or seas. In this way the earth has 
become cut into ridges and valleys. In some places the land is 
rising, while in others it is sinking. Earthquakes and volea^iic 
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eruptions also modify the geography of a locality. Changes such 
as those mentioned have evolved the present configuration of 
the earths crust. 

Plants and animals also undergo change; and a study of the 
origin of cultivated plants shows that most of the varieties have 
been produced by the selection of desirable variations. The wild 
species that inhabit the earth at present are also derived from 
previously existing plants. Such species are continually under 
the influence of natural selection. When a favorable mutation 
occurs in either a plant or an animal, there is a tendency for 
individuals having this mutation to persist at the expense of 
those without it. In this way the flora and fauna of the earth 
are gradually undergoing changes which tend to fit them better 
to their environment. This process is naturally a slow one. 
Animals and plants are already very thoroughly fitted to their 
environment, and it is not to be expected that changes which 
would make them more so would be conspicuous during the 
lifetime of one man. 

The evolution of plants and animals, or the accumulation of 
the gradual changes which occur in them, is known organic 
evolutmi. 

Organic evolution. According to the theory, or law, of organic 
evolution the present floras and faunas of the world have been 
derived from those of past ages by gradual changes. During the 
course of these changes the organisms have, in general, become 
more complex and better fitted to their environment. The 
gradual process of evolution has, moreover, evolved plants and 
animals that are suited to very diverse environments. The orig- 
inal ancestors of present-day plants and animals must have been 
very simple indeed as compared with the most complex of their 
modern descendants. 

The general similarity of protoplasm in physical structure, 
chemical composition, and physiological responses certainly indi- 
cates that all protoplasm came from the same source. Moreover, 
the similarity of the phenomena of sexuality and inheritance 
argues for a relationship of all higher animals and plants. 
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' heredity; AND EVOLUTION 

■ Evidence of change. Plants and animals at the ' present time 
undergo mutations, or, in other words, they change. This proves 
at once that organisms can change or undergo evolution. The 
only question that remains is to determine the extent to which 
they may evolve or have evolved. Fossil records, comparative 
morphology, and geographical distribution are probably the most 
important lines of evidence for evolution in plants; and one can 
realize the completeness of this evidence only after making a 
thorough study of these subjects. The evidence for evolution is 
not, however, confined to these, as all the fields of biology afford 
striking evidence. The more one knows of biology the more 
complete the evidence becomes. 

Comparative morphology. A study of the many kinds of plants 
and animals shows that in both cases they range from single- 
celled individuals through many gradations to the most complex. 
Moreover, these different forms can be arranged in series which 
indicate that the more complex organisms have been derived 
from simpler ones. Indeed, this is true to such an extent that 
the onl}^ logical system of classification takes the form of a tree, 
indicating that the specialized forms came from more primitive 
groups, and these from still simpler ones, all pointing toward 
a common origin for the whole plant kingdom. 

The most complex plants are characterized by having flowers 
and a complicated method of reproduction. Plants show many 
gradations, from singie-eelled plants without sexuality (Fig. 326) 
to the complex condition found in flowering plants. In some 
simple single-celled plants there is a fusion of similar cells • in 
such cases there is no differentiation of sex. In some slightly 
liigher types the fusing cells are alike but are formed by many- 
celled iiidividuals ; such plants also have no differentiation of sex. 
Even some still higher types show only an indication of the differ- 
entiation of sex. Between the simplest plants with eggs and sperm 
and the flowering plants there are still many gradations of com- 
plexity in sexuality. This series will be treated in later chapters. 

Just as there are gradations in the development of sexiiality, 
so also there are gradations in vegetative complexity. There are 
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single-celled plants which not only lack sexuality but wdiich do 
not have a well-defined nucleus, and in which the photosynthetic 
coloring matter is diffused through the protoplasm instead of 
being contained in special plastids (Fig. 312). In somewhat more 
highly developed types the whole plant consists of either a single 
cell or a group of similar cells with well-developed nuclei and 
ehloroplastids. Between this simple vegetative structure and the 
differentiation characteristic of flowering plants there are many 

gradations. The various groups of 
plants will be considered in subse- 
quent chapters. 

In animals we find functionless 
structures which can best be ex- 
plained on the ground that they 
have been inherited from ancestral 
forms in which they were of use. 
The human appendix is a well- 
known example. In human beings 
this structure is rudimentary and 
apparently serves no useful pur- 
pose, while in some lower animals 
it is a well-developed and useful 
organ. 

The groups of water plants from which the present land plants 
appear to have developed have motile sperms which swim in the 
water. Such motile sperms are possessed also by the simpler of 
the land plants, such as ferns and mosses. The simplest seed 
plants likewise have motile sperms, although these plants are 
fertilized by pollen tubes in much the same way as are flower- 
ing plants (Pig. 468). The presence of motile organs on the 
sperms of these seed plants can be explained best by assuming 
that these organs were derived from aquatic ancestors. 

In the embryology of many animals, and to a less extent in the 
development of certain plants, there are characters which disap- 
pear in the adult and which resemble characters of more primitive 
ancestors. J^or example, ordinary leaves occur on the seedlings 


Fig. 240. Leaves of a species of 
Acacia 

On the left is the first leaf after the 
cotyledons ; on the right, a some- 
what older leaf in which the petiole 
is flattened and leaflike and takes 
the place of the leaflets, (xl) 
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of some plants the older individuals of which hav'e highly 
specializecl leaves (Fig. 240), indicating that these plants with 
highly specialized leaves have been derived from ancestors with 
ordinary leaves and that in their development they pass through 
a stage resembling the adult condition of those ancestors. 

Geographical distri- 
bution, The present 
distributioii of plants 
and animals can be ex- 
plained only in the light 
of evolution. 

M any plants have ex- 
cellent means of seed 
dispersal and are very 
widely distributed. Fre- 
quently these are recent 
and very successful spe- 
cies and give us little 
or no insight into the 
past history of plants. 

In general, however, 
high mountains or seas 
impose barriers which 
many plants and ani- 
mals cannot cross very 
readily if at all. Such 
species or groups of related species are often confined to one 
area or to a limited number of separate areas, and it is these 
species that give us the greatest information concerning tlie 
origin of plants and animals. 

From geological evidence we find that all the continents have 
had land connections in the past, and, moreover, that many land 
areas which at present are islands were formerly connected with 
continents or with other islands. The floras of cliff ei'ent regions 
and islands frequently differ widely from each other, and in 
general this difference increases with the length of time during 


Fig. 241. Eucalyptus forest of Australia. 
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whicli the two areas have been separated from each other by 
barriers such as high moiiiitains or seas. This is easily explained 
by the teachings of evolution. When there is comniiiiiication 
between two contiguous areas, the plants and animals of the 
two areas are naturally interchanged. If later the two areas 
’ become separated, as by the submergence of land connections, 

the flora and fauna of each wdll continue their evolution sepa- 
rately. Owing to the method by which evolution takes place 
it is not to be expected that the course of evolution will be 
the same in the two different localities, but rather that evolu- 
tion wdll take place in a different direction in each. In this wmy 
j the longer the two areas are separated the more distinctly dif- 

j ^ ferent their faunas and floras become. Australia has been sepa- 

rated from the' rest of the land areas of the world for long ages, 
‘1 i and as a result its fauna and flora are strikingly different from 

J those of the rest of the world. The great development of euca- 

; 5 marsupials in Australia is well known, 

f , Geological evidence. This evidence is afforded by fossils. A 

fossil may be defined as any impression, remains, or trace of a 
plant or animal of a past geological age. By the study of fossils 
I . we learn much about the floras and faunas of past ages. 

Nature of fossils. The most important types are impressions 
p}^trified structirres. We are all familiar with the impres- 
sions made by leaves in mud. Plants and animals are frequently 
buried and leave impressions. If these impressions remain after 
the material in which they are made is turned to rock, the result 


is a fossil. From such impressions (Figs. 242, 248) we can learn 
much concerning the form and shape of organisms or organs, 
but usually nothing of their intern alstrueture. Among the most 
instructive fossils are those produced by petrifaction. In such 
cases the plant or animal material is replaced by stone, and it is 
frequently possible to study much of the microscopic structures 
of these fossils; In addition to the above classes of fossils we 


sometimes find the original material of organisms preserved. 

Formation of fossils. The rocks of the earths surface are 
divided into two classes, according to their origin: igneous and 
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sediiiieiitary. Iff'neous rocks are produced as the result of 
iieat and do not contain fossils. Sedimentary rocks are formed 
by tlie traiisportatioii of small rock particles and their subse- 
quent deposition iii another place; or they are the result of 
preeipitation from solution, or of secretion by organisms, as 
ill the case of limestones. Sedimentary rocks are the ones that 
yield fossils. 

It is a common observation 
that most dead plants and ani- 
mals are quickly destroyed by 
decay. They are not likely 
to be fossilized unless they 
are rather quickly covered 
by some protecting material. 

Also, oxygen must be largely 
excluded, as decay is depend- 
ent on oxidation. Such condi- 
tions are most usual in lakes, 
seas, or marslies. Organisms 
with hard parts are much more 
likely to be fossilized than 
are those without them. For 
this reason the veiy primitive 
and soft plants and animals 
are rarely fossilized. Pm. 242. Fossil leaves 

Age of fossils. In the for- 
mation of sedimentary rocks the oldest naturally occur at the 
bottom of the series and the youngest at the top. The most 
ancient fossils will be found in the oldest rocks, while the most 
recent fossils will be in the youngest rocks. In the past history 
of the earth, areas that were under the sea have risen and be- 
come dry land (Fig. 244), while some of the areas that were 
formerly dry land are now under the sea. Owing to erosion and 
the washing of materials from the land into the sea (Fig. 245) 
there is a general tendency for the surface of the dry land to 
be washed away, while that under the sea is built up by the 
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accLimulation of deposited iiiateriaL In this way rocks are built 
up while the land is submerged, and are worn away when the 
land is exposed. 

Sometimes the same land has been elevated above the sea 
more than once. While the land is submerged, layers of rock 
are formed. When the land is exposed as the result of eleva- 
tion, the rock begins to 
be eroded, and if the area 
is exposed for a long pe- 
riod, may be removed to 
a considerable depth. If 
such an area is again sub- 
merged, its surface will 
be covered by new layers 
of rock. There will be a 
great difference in age be- 
tween the lowest of these 
new layers and the old 
layer on which it is de- 
posited. This is due to* 
the fact that during the 
time when the area was 
exposed no new layers 
were formed, and, more- 
over, much of the former 
rock was removed. Owing 
to such occurrences as 
that just outlined, large gaps frequently occur in the geological 
records in a given series of rocks. By piecing together the geo- 
logical records from various parts of the earth, however, it is 
possible to get much information concerning the relative ages 
of different rock strata. 

Incompleteness of fossil records. While fossils have been formed 
in various ways, the great majority of them originated under 
water, and the discovery of most of them has been due to the emer- 
gence of land that was formerly submerged. When such fossils 



Fig. 243. Fossil leaf 
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are cliseovered it is usually owing to a combination of favorable 
circumstances. Fossils that are formed in deep seas are rarely seen, 
as such areas are not often elevated sufficiently to become dry 
land. When areas of fossil-bearing rocks are exposed to erosion, 
the fossils are uncovered, and in this way many fossils are brought 
to the attention of man; but those that were exposed in this man- 
ner in past ages have been destroyed, and in this way a great 


deal of the fossil record has been lost. Fossils have also been de- 
stroyed by being dissolved from rocks, by being subjected to great 
pressure, and by various other means. As previously mentioned, 
the soft parts of organisms are rarely fossilized. Owing to the 
above-mentioned facts, and for other reasons, the fossil record 
is not as complete as we should like to have it, and, moreover, 
the study of such fossils as can be found is very far from com- 
plete; yet, in spite of its imperfections, the fossil record has 
given us considerable knowledge of the past history of floras 
and faunas. 


bedded sandstone and shales (Mountain Province, Philippine Islands) 
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History as told by fossils. The oldest plant fossils were all 
water plants with a simple organization, and belonged to that 
great composite group known as thallophytes. Thailophytes are 
not differentiated into stems and leaves. Flowering plants are 
relatively recent arrivals upon the scene. Between the age of 
thallophytes and the recent age of flowering i:)lants there was 


Icano, Philippine Islands) 


succession of many floras, the dominant elements of which 
showed an ever-increasing complexity. In the Carboniferous Age 
the forests contained trees that were a hundred nr more feet in 
height, lacked both flowers and seeds, and reproduced by means 
of single cells called spores. No such trees have existed for 
many ages. In the Carboniferous Age there were also fernlike 
plants with seeds ; these likewise died out ages ago. In general 
the dominaut groups of the ancient land floras have eitlier disap- 
peared or are unimportant constituents of our present flora. 

The fossil record shows that in animals also there has been 
a development from the simple to the complex, and that mammals 
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appeared late in geological history. The successive ages are fre- 
quently called the Age of Invertebrates, the Age of Fishes, the 
Age of Aruphibians, the Age of Reptiles, and the Age of Mam- 
mals. Ihese great groups of animals appeared in the above order 
ami were dominant in the ages which bear their names. Animals 
oi the early ages such as gigantic amphibians and reptiles and 
the biidlike reptiles, have disappeared, and many of tliem have 
lett no descendants or close relatives. 

Incomplete as a fossil record is, it leaves no doubt that the 
plants and animais of one age were derived from those of a nre- 
vuous age by gradual changes, and that the accumulation of these 
changes through the long periods of geological time has resulted 
in an evolution from very simple ancestors to complex organisms. 

Course of evolution. From what has been said about tlm causes 
of evolution it will be evident that evolution does not follow 
a straight line^ but that it rather pursues a branching course 
A diagranimatic representation of the course of evolution is 
therefore drawn as we should draw the branches of a tree, rather 
than as a straight line. Because one form has given rise to a 
second form it does not follow that the first form will continue 
01 ever apm give rise to tlie second form. The evidence from 
geogiaphieal distribution supports the idea that the evolution 
of a given form will produce different results in different times 
and places, as, when two regions with similar floras and faunas 
become separated their floras and faunas develop along different 
mes and the differences increase with the length of time the 
wo areas are separated. We sometimes hear the question 
If lower forms gave rise to certain higher forms in the past 
why do they not continue to do so? In the first place ^tlie 
ancestors of the higher forms are, for the most parlltl; t 
the second place the evolution from one form to a very different 
form requires the combination of a great many circumstars 

that all these conditions will ever exist more tlian once 

n _view of the above, what is the relation between the simpler 
and the more complex plants that exist today? This question 
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am be answered by a liypothetical example. W e will start with 
a very aiicieiit and simple plant wdiicli we will call A. We will 
suppose that this plant' gave rise to tw'o different forms, B and 
C\ wlhcli were naturally very much like their parent A. B and 0 
were better fitted to their environment than A, and in the course 
of time A died out and disappeared, while B and C both survived. 
B was very thoroughly adapted to its environment, and it con- 
tinued to exist through long ages and is a component of our 
present flora. C was either less fitted for its environment or for 
some other reason underwent further evolution and gave rise 
to form I), which in turn produced AVetc. As a descendant of 
E we have a living form, A, which is very different indeed from 
the parent form A and very much more complex. Now the rela- 
tionship between X and B is clear. X is not a descendant of A, 
and B is very clearly not a descendant of X X" is, however, 
a descendant of A, which \vas very similar to R, so that we can 
say that, while X is not a descendant of A, it is a descendant of 
a form very similar to B. It seems very improbable that there still 
exist many, if any, of the forms of plants which were the direct 
ancestors of modern flowering plants, but it appears certain that 
many living forms are very similar to certain ancestral stages. 

It does not follow that because a plant has a simple structure 
it is at a disadvantage as compared with more complex plants. 
Just as many trees are fitted for growing in the open, so many 
mosses are fitted for growing on trees, and many one-celled 
plants for floating in water. 

Evolution and modern thought. The doctrine of organic evolu- 
tion, has come to be universally accepted by scientists, and it 
is not too much to wsay that it is the corner stone of modern 
biological science. The entire classification of plants and animals 
is based on the doctrine of evolution, while structures, functions, 
and activities are explained in the light of evolution. 

In the past there has been considerable misunderstanding of 
the teaching of evolution, and consequently prejudice against 
it. Theories of evolution date back to the ancient Greeks, but 
the general acceptance of the idea of organic evolution is due to 
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the writings of Charles Darwin. After the appearance of his Ijooks 
many people asserted that evolution denied the existtiiiec ol’ a 
supreme being. Darwin made no such statement, and it is now 
generally conceded that the doctrine of evolution is not opposed 
to the idea of the existence of a deity. Evolution is simply the 
orderly operation of natural law, and to say that the orderly 
operation of the law of evolution denies the existence of a su- 
preme intelligence would be equal to saying that because the 
flow of rivers, the rise and fall of tides, and the movement of 
planets all obey the law of gravity, there can be no deity. If the 
law of gravity and the law of evolution do not affirm the exist- 
ence of a supreme being, they at least do not deny it. It has 
been argued that the orderly operation of natural law is one of 
the greatest arguments for the existence of a supreme directing 
intelligence, and this argument applies equally well to gravitation 
and to evolution. Certainly the most purposeful and intelligent 
human beings are those whose actions are orderly and predict- 
able, while we have insane asylums for those whose thoughts 
and actions are lacking in order. 

The statement has been frequently made that, according to the 
doctrine of evolution, man is descended from the monkey. Such 
a statement is not in accord with, but is opposed to, the teachings 
of evolutionists. What evolution does teach is that both man and 
monkey had a common ancestor, and not that one was derived 
from the other. The idea that man is descended from lower forms 
of life, instead of being a discreditable and discouraging belief, is 
really one that is full of encouragement. W e have ascended a long 
way, but we may have hopes of improving the race still furtlier if 
we but use our increasing knowledge of inheritance and evolution. 


■ CHAPTER IX 
THE FRUIT AND THE SEED 
THE FEUIT 

The term fruity in the botanical sense, is used to denote that 
part of the plant in which the seeds are found. It consists es- 
sentially of the ripe ovary, but it may also include other floral 
parts which are connected with the ovary. The imme fruit, used 
in this sense, includes much more than the popular term fruit ; 



Fig. 24G. Collective fruit of mulberry 

Left, a female flo\Yer (x 3) ; center, entire fruit {x 1-J) ; right, single mature 
fruit in wlilcli the fleshy portion consists of enlarged calyx (x 3) 

it embraces not only what are generally knoAvn as fruits but 
also some vegetables, and even dry, inedible structures. To 
tlie botanist cucumbers, tomatoes, or bean pods with the included 
seeds are just as truly fruits as are apples and oranges. 

Collective and aggregate fruits. Most fruits are structures de- 
rived from one ovary in one flower. In some cases a number of 
separate flowers may form a collective fruit (Figs. 246, 247, 256) as 
ill the pineapple. In other cases an aggregate fruit may be formed 
from several ovaries produced in one flower (Figs, 248, 249). 
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Fig. 248. Aggregate fruit of strawberry 
The fleshy portion is an enlarged torus, (x 1) 


Fig. 247. Collective fruit of 
breadfruit (Artocarpus com- 
munis). (x 1) 


-■i-y. Aggregate fruit of Fig. 250. Separate fruits of 
apple (d nona squamosa). (^Cana7}gium odoratum) formed fi 

ovaries in the same flower 
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Composition of fruits. Some fruits are produced by superior 
ovaries, and others by inferior ones. An ovary is said to be mpe- 



rior when the point of attachment of 
the calyx and corolla is below the 
ovary (Figs. 202, 203), and infe- 
ru>r when the point of attachment is 
above the ovary (Figs. 208, 221). 
In the latter ease the torus may 
be considered" as having a bottle- 
like form, at the summit of which 
tlie calyx, corolla, and stamens are 
attached. In such cases the torus 
takes part in the formation of the 
fruit. When the fruit is derived from 
a superior ovary, the remains of the 
calyx can fre([uently be found at the 
base of the fruit, as in the grapefruit (Fig. 251). When the ovary 
is inferior, the remains of the calyx can sometimes be plainly seen 


F Ki . ‘i 5 1 . Grape f ni it developed 
from superior ovary 

Note remains of calyx at base of 
fniit. (x 1) 


Fio . 25r>. Cross section of an 
apple fruit, sliowhij^’ ripened 
ovary s arro iiiided by enl arg’ed 
torus, (x .1) 


Pig. 2-52. Berry of gnava developed from 
an inferior ovary, (x -}) 


at the apex of the fruit (Fig. 252). In the flower of the apple 
there are five imperfectly fused ciupels which are more or less 
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inclosed in a ciij^like torus. 
During the formation of 
the fruit the carpels fuse 
with the torus and form 
the apple fruit. In this 
(Fig. 253) the ovary is 
represented by the core 
and the torus by the sur- 
I’ounding fleshy portion. 

In some fleshy fruits 
the fleshy part consists 


Fig. 258. Inflated oap.sule of CanUosper- of the enlarged 

mum halicacabum. (x f) torus (I igs. 248, 254). In 

.. . ,e , , , . the fleshy por- 

lon is formed by hairlike outgrowths from the walls of the 

ovary (Fig. 255). The fleshy part in some cases is composed 



Pxo. 259. Follicle of 
a milkweed (Asc/epias 
curassavica), sh owing 
liberation of seed with 
fiairy appendages. ( x 
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of tlie outer coverings of the seeds (Fig. 
285). In the mulberry (Fig. 246) the 
fleshy part consists largely of thickened, 
fleshy calyx lobes. The collective fruit 
of the puaeapple is composed of a central 
axis and numerous flowers which become 
fleshy. The fig is a hollow, pear-shaped 
inflorescence on the inside of which are 
many flowers (Fig. 256). These flowers 
are developed into 






§ many small, seed- 

J like fruits which are l 

Fia.261. AchenesofF/e- frequently mistaken /xf'A 

pkantopufs, Co.smo.% and for seeds. 

(beggar-ticks) Classification of \w ‘ 

These are dispersed by ad- fruits. Fruits are W 

hering to animals. (x 21 ) usually divided into B \J 

^ two classes, (fry and / J 

fleshy I he dry fruits may be subdivided / I 

into dehmcent fruits, or capsules, and inde- 
hsoent fruits. Dehiscent fruits are those 1 

^ '■''luch open at maturity I'm. 262 . Samaras of 

SO that their seeds can ^^(^wuiaca conpnbosa 

^ escape, while indehis- 

S ones are those 

R do not open. Indehiscent fruits may 

further subdivided into aeJienial and sohi- 
% ^ocmpc fruits. The fleshy fruits may be 
divided into drupes and berries. 

\ Capsules^ Dry, several-seeded to many- 
f IG. 263. Schizocar- dehiscent fruits are known as capsules, 

'ic r) 0 d.s of sensitive y^psules are of many shapes, and they open 
•laiit {Mlmoi^a pu- many different ways (Figs. 257, 271 279 
Vf«) and tick trefoil 280). The legimie, ov pod, and the follicle 
DesnuMmn are special kinds of eapsailes. The follirde 

(X 1) and the legume are eadi derived from m! 


IP 


Fig. 263. Schkocar- 
pic pods of sensitive 
1 >1 ant ( Mi m om p u- 
(Uca) and tick trefoil 
(^DesniOfh u m (fangeti- 
cum), (x 1) 


Fig. 262. Sama.ras of 
aS ec ur lilac a corymbosa 
and 2\irne(m sylvatica. 

(xf) 
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Fkj. 264. Longitudinal 
section of drupe of peach. 


ovary composed of a single carpel. The follicle splits alone 
one side only (Fig. 259), while tlie legume, which is the cliai- 
acteristie Iriut of the pea or bean family, usually splits aloiif/ 
two edges (Fig. 260). ' 

Achenial fruits. An achem is a small, 
dy, indehiseent, one-seeded fruit (Fig. 
261). The achenes of the sunflower are 
sold under the name of sunflower seed. 
The earyopsis, or gram, differs from the 
acheue in thaf the pericarp, or wall, of the 
fruit, is fused with the testa (the outer cov- 
ering of the seed). The grain is the typi- 
cal fruit of the grasses, and its structure can 
be observed very 
clearly in corn (Fig. 

308). The samara 
IS a winged achene (Fig. 262). The nut 
is a one-seeded, usually indehiseent fruit 
ill which the wall of the fruit, or the 
pericarp, is hard. Many stractures which 
are popularly called nuts do not fit this 
description. 

Schizocarpic fruits. These are dry fruits 
which split up into a number of one-seeded, 
usually indehiseent parts (Fig. 263), as in 
the castor-oil plant. 

^ Drupes. A drupe is a fruit in which the 
inner part of the pericarp (ripened ovary 
wall) is hard and the outer part fleshy o'r 
fibrous (Figs. 264, 265, 304). In the peri- 
carp of the drupe there are three regions: rue epicarp, or outer 
bkii; the mesoearp, or middle fleshy or fibrous region’ sn.l n 

liohn ' th 1 “ mts are co„° 

posed oi the endoearps and the seeds of dnmPQ i 

and the „„ hamplee. ‘ 


Pjg, 205. Longitudinal 
section, of drupe of mango 
Qlamjlfera hulka). (x J) 

the epicarp, or outer 
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■Berries, Fleshy, iiidehiscent,- few-seeded'-tq.. many-seeded fruits 
are known as berries (Figs. 266, 267), The word herry, like the 
word frvit or the word mit,, has thus very different botanical 
and popular meanings. The date is a one«seeded berry, as the 
"stone” is the seed and not the endoearp. Tomatoes, grapes, 



Fjg. 26G. Berry of sapodilla or cliico Fig. 207. Cross section of berry 
(^Aclira^ mpota)* (x J) of cucumber. (x |-) 

and bananas are berries, while oranges, cucumbers (Fig. 267), 
melons, and apples are examples of special classes of berries. 

Classification inexact. In discussing the different types of 
fruits it is convenient to use some such classification as that 
given above, although it should be realized that any classifiea- 
tion must be arbitrary and in many cases inexact. The fruit 
of the balsam (Fig. 288) is a somewhat fleshy capsule. Many 
capsules have no regular metliod of dehiscence. 

THE SEED 

A %ee,d is a structure developed from an ovule. It consists of an 
emlnyo, stored food which may be either in or around tlie embryo, 
and one or two coverings called seed eoaU (Figs. 268, 269). 

The embryo. Ihis consists of a small undeveloped shoot called 
the. phinude, a cylindrie structure known as the whicli will 

develop into a root, and one or two large leaves wdiich are tlie 
cotyledon^ or seed leaves (Figs. 268, 270). Plants with one coty^ 
ledon (digs. 303, 304) are called moiiocotyledoris^ while those 
with two (Fig. 268) are called dicotyledons. 
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tissue, the endof^perm, as in tlie seed of the eastoL- 

oil plant shomim Fig. 2(59. ]\Iost seeds of flower- 
endosperm at some stage 
of their development, and tlie food stored in this 
«K o,perm is absorbed by the cotyledons. In 
many eases the endo- 
sperm is completely 
absorbed before the 
seeds are mature, and 
in such cases the ripe 
seed does not contain 

endosperm (Figs. 268 , 

270). In other cases 
much of the food 
material in the endo- 
sperm is not absorbed 
by the cotyledons un- 
til the seeds g'ermi- 
nate. In these eases 
the mature seed con- 
tains an endosperm. 

I he endosperm has 
its origin at the time 

After the pollen tube 

has grown down into the ovule it 
discharges two male nuclei into the 

embryo sac. One of these unites with ' ' 

two polar nuclei. Thisfu^on ^,r the 

ing in the production of tbp l undergoes divisions result- 
aronnd the embrya «««ue in the embryo sac 


Fig. 268. Lon- 
gitudinal sec- 
tion of .squash 
seed 

cotyledon ; 
piumule ; r, rad- 
icle ; tm^ tegii- 
meiit; te, testa; 
^nicropvle. 
(x3) ‘ 

of fertilization. 


I IG. 26.0. Ventral, dorsal, and 
lateral views of seed of oastor- 
oih plant {Iticmus communis), 
with section of seed 
Above : M. caruncle ; h, 

Below ; at left, section cut from 
side to .side; at right, section cut 
perpendicular to dorsal .surface • 
n radicle ; p, plmmUe ; c, coty- 
ledon; e, endoisperm ; tm,, tegii- 
iiient; ts‘, testa, (x 2) ' 
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Perisperm, In tlie ovule the embijo sac is surrounded by 
tlio iiueeiliis. Just as the embiyo absorbs food material from tlie 
(*iidos[)eiTii, so the eiidosperni absorbs food material from the nii- 
eellus. Ill most seeds the nucellus is entirely absorbed before tlie 
seed is ripe, and even tlie inner integument may be so absorlied. 
In some cases, however, the ripe seed contains an embryo sur- 
rounded by the endosperm, and this, in turn, by the nucellus. 
When the nucellus remains in the mature seed it is known as 
perisperm. 

Seed coats. The seed coats are derived from the integuments 
of the ovule. The outer seed coat, or testa^ develops from the 



Fig. 270. Lima bean, showing lateral, ventral, and dorsal views and embryo 

At left: micropyle ; /i, hilum. At right: embryo with seed coat and one 

cotyledon removed ; rv radicle ; jp, plumule ; c, cotyledon, (x 1|-) 

outer integument. The testa is usually thick and hard (Fig. 268) . 
The inner seed coat, or legmen^ is usually thin (Fig. 268). This 
is derived from the inner integument. In some cases there is 
only one seed coat. 

Hilum. On the testa there is a sear marking the place where 
the funiculus was attached to the ovule (Fig^. 270). This scar 
is known as the hilum. 

Micropyle. The testa is pierced by a small hole, the micropy le 
(Fig. 270), which is the same structure as the micropyle in the 
ovule. The tip of the radicle points toward the micropyle. 
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food 

P otective covering. fJie embrvo is 

i pable of growing into a plant, and 
tbe stored food material furnishes 
^ ^ ®“PPly of food for its 

'1: before it has 

I ■ ■• become established. Most seeds are 

i some means of 

ii A dispersal. Without this the o-reat 

y -■ majority of seeds would fall under 
|J ■ the parent plant and not be carried 

f to a location favorable to germi- 

f nation and growth. The meeha- 

°f dissemination may be a 
f of an orchid f ®®®d itself or may beloim 
^ surrounding portions of the fruit’ 

scatteivd h“‘+i “ ^ principal agencies by which 

b, the wind. (X seeds are dispersed are wind, water 

I^ispersal by wind. Either and explosive mechanisms, 
seeds may be suited to dispersal bv ^^dividual 

disseminated are characterisfeally “ that are thus 

^it. Ihe ineans of adaptation to S 

tbe hetlhitrof”,'! 

Minute seeds. The seeds of orchids F'attene, I win, f 

Wings. In man^castrseX 
-ttened or have winglihe 
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may be both flattened and winged (Fig. 
274). This type of structure results 
in the scattering of the seed by the 
wind. 

Feathery appendages. Seeds (Fig. 
259) or fruits (Fig. 278) may have 
feathery appendages which greatly in- 
crease their buoyancy, so tlmt they are 
frequently carried by the wind to con- 
siderable altitudes. These feathery 
appendages are very eharacteristic of 
the seeds of milkweeds (Fig. 259) and 
of the achenes of many composites 
(Fig. 278). Commercial cotton con- 
sists of trichomes which grow from 
the epidermal cells of the seed of the 
cotton plant. These trichomes form a 
flossy mass around the seed. 

Censer mechanisms. The eapsules 
of many plants open in such a way 
that the seeds can escape only when 
the capsules are \dolen.t]y shaken, as by a strong wind (Figs. 257, 
279, 280). This has a tendency to scatter the seeds. The seeds 
may in addition liave a flat 
sliape (Fig. 279) or winged 
outgrowths ; and as they are 
most likely to escape when 
there is a strong wind, they 
may be blown for consider- 
able distances. 

Dispersal hy water. Adap- 
tations for dispersal by water 

are not so common as are o-o ^ i ^ • 

y T . T riG. 2/b. Fruits (acheiies) of iron- 

those foi dispeisal by wind, weed ( Vemouh'), suited to dispersal 

but the former occur iu i,y wi,ui 07 i ac< 70 uiit of tlnor hairy 

raaiij^ seashore and aquatic appenrtages 


Fig. 277. Fruit c)f linden, 
adapted to wind dispersal 
by being attached to a 
specialized leaf (bract). 

(xl) 



Fig, 279. Capsule of AristoIocMa 
elegans 

It hangs in sucli a position that the 
seeds are libei-ated only Avhen it is 
shaken hy the wind. The flattened 
seeds are adapted to wind dis- 
persal. (x 1) 



Fig. 281. Fruit of I'enninalia ca- 
tuppn, adapted t.o disseni illation 
]>Y water ])y having a thicks fibrous 
husk. (X 


Fig. 280. Capsule of poppy 

The seeds are liberated only when the 
capsule is shaken rather violently. ( X 2|) 



■ Fig. 282. Fruit of Heritiera lifMrraUs, 
adapted to dissemination l>y water by 
1 laving a tliick, filirous husk inclosing 
an air cavity, (x 1) 
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Fig. 283. Seeds of Entada scandem (x i) and Muema pgantea (x 1) 

second around the embryo) 

plants. Either the whole fruit or the seed 
may be adapted for floating. The pericarp 
of^a fruit may be composed of light tissue 
(Pig. 281), or the fruit may be inflated 
(Fig. ..82). The coconut (Fig. 304) is an 
excellent example of a fruit with a lio-ht 
pericarp. Floatmg seeds may likewise con- 
tain either a mass of light tissue or large 
mr spaces (Fig. 283). In the lotus fruit 
( ig. 284) the torus is a greatly enlarged 
mass of loose, air-filled tissue which floats 
readily, while the individual fruits are also 
adapted for floating. Many seeds that are 
not especially fitted for floating may occa- 
sionally float for short distances, or seeds 
that by themselves would not float may be 
carried in floating debris. 

Dispersal by animals. Seeds that are 
adaiAed for dispersal by animals are dis- 
seminated in two general ways: in the case 
of fleshy fruits a portion of the fruit is eaten 
by the animal, while many dry fruits adhere 
to animals. 

^ Fleshy fruUH. Fleshy fruits are generally 
adapted to being eaten by animals. Such 



Fig. 284. Fruit of 
JS^elwnbtum nelamho 

Below are the remains 
of the stamens, 'rhe 
large jiart above is 
the enlarged torus, the 
fruits being in depres- 
sions in the torus. 

fruitsfloat, and besides, 
the enlarged torus is 
replete with air cavi- 
tie-KS and is very buoy- 
ant. (x'j) 
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fruits are usually constructed so that the fleshy part may be eaten 
without mjury to the seed. In many cases the seed coat is very 
hard, while in drupes the seed is protected by the stony eiulo- 
earp. Owing to this protection a seed may pass without injury 






Fig. 285. Double follicle of Tahernaemon- Fig. 286. Fruits adapted to 


tana panel cicaqui dissemination by having hooks 

. 1 1 rrii 1 which adhere to aninials 

The loUicie to the right has opened. 1 he seeds 

are suited to dispersal by animals by having Left, Triiimfettabartramia (x 2) ; 
brilliantly colored, fleshy coverings, (x 1) right, Triumfetta annua, (x 1) 

througli the digestive tract of an aninial. Birds are particularly 
prominent in disseminating the seeds of fleshy fruits. Sometimes 
they eat the fleshy portion of a fruit and throw the seeds away. 

Adhesive fruits. Many dry fruits have hooklike appendages 
(Figs. 261, 263, 286) which are particularly fitted for grasping 
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Fig. 287. Seed of adapted to dis- Fig. 288. Fruit of Im- 

seminatioii by animals by having a mucilaginous /la/i'anFbuu \vhich 

covering which swells and is very sticky when wet explodes and scatters 
Left, dry seed ; right, wet seed, (x 4) the seeds. (X 1) 

the hail* of animals. Animals to which the fruits adhere carry 
them about and thus distribute the seeds. In a similar way 
fruits may adhere to clothing and thus be disseminated by man. 
Some seeds and fruits have a sticky covering which will adhere 
to the hair of an animal (Fig. 287). 
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Minute iiec(h. Many plants have minute seeds \vliiGh are d 
semiiiated by being caught in mud that adheres to the feet or 
other parts of birds or other animals. 

Dispersal by explosive mechanisms. IMany fruits are so con- 
structed that they explode when ripe and scatter the seeds. This 
method of dispersal is frequently conspicuous in members of the 

bean family, where the 
explosive forces are due 
to stresses arising from 
the drying of the valves of 
the pod. The balsam has 
somewhat fleshy capsules 
which are very turgid. 
When these are disturbed 
bj^ contact the segments of 
the pericarps roll up with 
considerable force and in 
such a way that they scat- 
ter the seeds (Fig. *288). 

EESERA^E FOOD 

When a plant manu- 
factures more food than it 
needs for immediate use, 
tlie surplus is stored for 
future use. Food may be stored in certain parts of ordinary stems 
and roots ; in especially modified stems, as in the potato and gin- 
ger : in modiiied roots, as in s^veet potatoes ; or in modified leaves, 
as in tlie onion. Seeds almost always eon tain a large amount of 
stored food, which nourishes the young plants until tliey be- 
come established. Reserve foods are of three general classes: 
carbohydrates, fats and oils, and proteins. 

Carbohydrates. Carbohydrates are organic compounds com- 
posed of carbon, hydrogen, and oxygen, the hydrogen and oxy- 
gen usually being in the same proportion as in water. In 



Fig. 289. Section showing a few cells of a 
potato tuber 

The cells contain large and conspicuous grains 
of starch and a small amount of small granules 
of protein, (x 156) 
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s^eneral the natural carbohydrates contain six, or some multiple 
of six. carbon atoms. The simple carbohydrates have a sweet 

taste and are known as sugars. 

'File forms of carbohydrates in which food is stored most abun- 
daiiilt' arc sugars and starclies. Other forms are hemicelhilose, or 
reserve cellulose, and inulin. 

■ Sugars, The three sugars 
that are found most abun- 
dantly in plants are glu- 
cose ^ (grape sugar), fnictme 
(fruit sugar) , and sucrose 
(cane sugar). Glucose and 
fructose have the formula 
C H 0 - They are thus com- 

6 1*3 6 , 

posed of the same kinds ot 
atoms in the same propor- 
tion, but the arrangement 
in the molecule is different. 

The simplest natural sugars 
have this formula and are 
known as monosaccharides. 

Sucrose (C^2^i2‘3^ii) G^'ice 
as many carbon ^atoms and 
is a disaccliaride. It may be 
regarded as composed of one 
molecule of glucose and one 
of fructose, which are linked 
togetlier with the dropping out of one molecule of water. Su- 
crose is familiar as the ordinary granulated sugar of commerce, 
which is obtained from sugar cane or sugar beets. Maple 
sugar also is smn'ose. Glucose and fructose are found in nearly 
all plants, and glucose is an ingredient of a tliick sirup, whicli 
is made by treating starch with dilute sulphuric acid and 
afterward removing the acid. Such sirups are frequently called 
corn sirups, as cornstarch is most eommonl}^ used in their 
preparation. 



Fig. 200. Section of a few cells of mango 
bean (Phcseolus y'culiatm) 

The cells contain large and conspicnoiis 
grains of starch and small granules of 
protein, (x 270) 
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Fi(i. 201. Single grain of potato starch 
within an aniyloplastid (left) and aniy- 
loplastid with, starch grain removed 
(right) . (X 7(J5) ♦ 


Star cl u Starch is a polysaccharide havhig the general formula 
ill which n is a large number. Starch is insoluble 
in cold water and occurs in 
plants in the form of grains 
(Figs. 34, 289, 290). Starch 
grains from different plants 
have different shapes and 
configurations. Owing to this 
fact it is possible to identify 
starches by the use of a micro- 
scope. The starch grains are 
found in amyloplastids (Fig. 
291). Starch is formed from 
sugar and is easily converted 
into sugar, either in plants or 
in a cliemical laboratory. The 
storaofe of carbohvdrates in 

O' 4 / 

the form of starch has the advantage that the starch is insolu- 
ble and tlierefore does not produce excessive osmotic pressure. 

Inulin, like starch, 
is a polysaccharide and belongs 
to the general class of starches. 

In some plants, particularly 
the CompoBiiae^ inulin occurs 
in considerable c{uantities. 

Inulin is soluble in water and 
occurs in plants in solution. 

It can be precipitated by alco- 
hol, when it forms characteris- 
tic spherocrystals (Fig. 292). 

After being extracted from 
plants it is a white powder 
like starch in appearance. 

HemieelluloBe, In some seeds food is stored in thickened cell 
walls in the form of hemicellulose, or reserve cellulose. Food 
is stored in this form, however, much more rarely than as sugar 


Fio. 292. Spherocrystals of inulin in 
cells of dahlia root, (x 304) 
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or 8tarch. Reserve cellulose is found in some palm seeds and 
also in the seeds of some other plants (Figs. 14, 293, 294 ). 

Fats and oils. The natural fats and fatty oils in plants and 
animals all belong to the same general class of compounds and 
are composed of glycerin (C,H/OH),) combined with organic 
acids. Glycerin has three OH groups which can be replaced 
by acid radicals. In natural fats all the groups are replaced, so 
that natural fats are triglyc- 
erides. Fats are composed 
of carbon, h3'drogen, and oxy- 
gen, and are characterized by 
a small percentage of oxygen, 
as may be seen from the for- 
mulas of such common fats as 
stearin palmitin 

(C„H,30,), olein (C„H,„P,), 
and linolein (C5,,Hjg03). Ow- 
ing to the very small per- 
centage of oxygen contained 
in fats, the oxidation of fats 
produces large amounts of 
energjv More energy is ob- 
tained by oxidizjng a given 

volume of fats than by oxidizing a similar volume of any known 
kind of compound that is found in either plants or animals. 

Fats may be solid or liquid (oils), according to the temper- 
ature. Fatty oils occur in plants in the form of globules 
(Figs. 295-298). 

Proteins. The proteins are the most important group of com- 
pounds found in plants, as they constitute the active matter 
of protoplasm, and the chemical phenomena of life processes 
are associated with them. 

Proteins are exceedingly complex compounds, as will be seen 
from formulas which have been calculated for such representative 
proteins as zein (C,„,.H,,.,N ^ 

(0 



Fig. 298. Thickened walls of hemi- 
cellulose from betel-nut palm seed. 
(X 140) 


wheat 


,0_.^S3), from Indian corn ; gliadiii 
; casein (C,„3Hj,3^Nj3„0,„^S,P^), 







Fig. 294. Tleserve cellulose in the form of thickened cell walls in the seed 
of the Jaj[>anese i)ershumon {Diot(p//ros I'al'i) 

The white areas around the cells are the cell walls. Note the hue protoplastic 
coiinectioiis between the cells 


Fig. 295. Cells of eTulus])enn (meat) of coconut 

Left, cut parallel with tlie surface of the meat ( x 290); right, cut perpeiidiculai' 
to the surface of the meat (x 185). The large globules are oil and the small 
granules are protein 





293 



THE FRUIT AND THE SEED 

from milk. The proteins al- 
ways contain carbon, hydro- 
gen, oxygen, and nitrogen, 
and many contain sulphur. 
Other substances, such as 
phosphorus, are also found 
in some proteins. Proteins 
in the form of solid gran- 
ules are frequently found in 
plants as food-storage mate- 
rial (Figs. 295-298). 

Plant materials as human 
food. The sugars, starches, 
fats, and proteins which are 
stored in plants are also used 
as food by animals, including 
man. The fats and carbohy- 
drates serve as sources of en- 
ergy, while protems are both sources of energy and body-building 
materials. Vitamins, which are manufactured by plants and 
not by animalsj are also necessary for the metabolism of animals, 
although they do not appear 
to furnish energy or to take 
part in the buildmg of tis- 
sues. Vitamins are abundant 
in leaves. 

DIGESTION 

Food stored as starch, cellu- 
lose, fatty oil, or protein is not 
soluble in water, and so must 
be converted into a soluble 
form before it can be used by 
plants. This is accomplished 

by substances known as en- mj i i xt 

" The granules are protein. Note how the 

zymes, which belong to the oil fills the cells, (x 265) 


Fk' 5.296. Cells near the outer part of 
the cotyledon of peanut 

The large globules are oil ; the white 
bodies, starch grains; the small dark 
granules, protein ; and the kiioblike thick- 
enings on the walls, hemicellulose. ( x 225) 
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general category of catalysts. Catali/sts are substances which 
change (usually accelerate) the rate of a reaction. Owing to the 
fact that a reaction which is accelerated by an enzyme might 
take 'place so slowly without the enzyme as to be imperceptible, 
it is customary, in order to avoid the use of cumbersome lan- 
guage, to speak of an enzyme as acting on a substance rather 

than as accelerating the rate 
of a reaction. 

Enzymes, like other catalysts, 
are characterized by not being 
a part of the initial substance 
in the reaction or of the final 
product, by not being altered 
in the reaction, by influencing 
a change in a relatively great 
volume of the reacting sub- 
stance, and by accelerating the 
effect in direct proportion to 
the amount of catalyst present. 

As an example of inorganic 
catalysts we may mention spongy 
platinum, which accelerates the 
oxidation of sulphur dioxide in 
the manufacture of sulphuric 
acid. Another example is finely 
divided nickel, wdiich is used in the commercial hydrogenation 
of oils. By this means many inedible liquid oils are turned 
into solid edible fats. 

Plants contain many different kinds of enzymes, and each 
enzyme acts on only one substance or on a group of similar 
substances. The best-known reactions that are accelerated by 
enzymes are those in which complex substances are split into 
simpler ones. It is believed, however, that a given enzyme can 
accelerate a reaction in either direction ; that is, if an enzyme 
splits up a complex substance, it can also influence the reverse 
process of the building up of the same complex substance. 


Fig. 298. Cells from seed of Croton 
tiglium with large, rounded oil glob- 
ules and irregularly shaped j)rotein 
granules, (x 450) 
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For simplicity we will mention only a few of the many 
known enzymes. Diastase converts starch into sugar, so that 
the action of this substance changes an insoluble substance into 
a soluble one (Fig. 299). Invertase changes cane sugar into 
glucose and fructose. Lipase breaks up fats into their components, 
glycerin and fatty acids. Papain splits proteins into amino acids. 



Fig. 299. Stages in digestion of starch grains of barley by diastase 


Enzymes are just as important in animals as in plants. The 
process of digestion could not be carried on in their absence. 

The chemical composition of enzymes is entirely unknown 
and they can be recognized only by their action ; but since 
many of them have been prepared as dry powders, they may be 
regarded as chemical compounds the coniposition of which we 
may hope to know some day. 

GERMINATION OF SEED 

Definition. The development of the seed into a young plant 
is germination, A seed is said to have germinated when 

the radicle and plumule have reached out of tlie seed coat, but 
germination is not complete until the seedling has become estab- 
lished and is independent of the food supply stored in the seed. 

Period of rest. Seeds usually undergo a period of rest before 
germinating. The length of this period varies greatly in dif- 
ferent species, and in some cases it is altogether lacking. In 
the mangrove-swamp species of the family Rliizophoraeeae the 
seeds germinate without falling from the tree. The first sign 
of the germination of such seeds is the projection of the long, 
slender radicle from the fruit (Fig. 300). After the radicle has 
grown to a considerable length the seedling drops from the 
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ivmt, the radicle finally becomes caught in mud, and the growth 
ot the seedling continues (Fig. 301). While thus the growth 
of some embryos apparently ceases for only 
a very short period, if at all, most seeds in 
ripening lose a considerable part of their 
water and become comparatively dry. Un- 
der such conditions life processes continue 
at a very slow rate, and for practical pur- 
poses the seed is in a condition of rest. 
Many seeds will not 
, begin to germinate 
until they have been 
in the state of rest for 
a considerable length 
of time, while others 
will germinate almost 
immediately. 

A period during 
which seeds will not 
germinate is fre- 
quently of great ad- 
vantage, particularly 
when the seeds are 
formed at the end of 
the growing season. 

In many regions the 
year is divided into 
a season which is fa- 
vorable and another 
which is unfavorable 
to growth. Unfavorable seasons may be due 
to either very cold or very dry weather. It 
is obvious that if seeds began to germinate 

Inld dry season, the seedlings 

.tiVfr disadvantageous conditions and would 

stand httle chance ot surviving. In regions where conditions are 


F iG . 8 ( )0. (Termi iiating 
seedling of Rhhopliora 
projecting from a fruit 
that is still attached to 
a tree, (x J) 


Fig. 301. Seedling of 
lUiizophora after drop- 
ping from the tree and 
taking root, (x -J) 
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favorable to growth throughout the year, a prolonged period of 
rest is unnecessary. The seeds of many plants that are natives 



Fxg. 302. Successive stages in the germination of lima bean (Phai^eohL^ 

lunatus) 

The cotyledons are carried up into the air and furnish food for the embryo, but 
do not become leaflike, (x |) 

of moist tropical regions germinate almost immediately, and if 
stored they lose their capacity for germination in a very short time. 

Many seeds have hard seed coats which are impervious to 
water ; such seeds will not germinate until the seed coats have 
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rotted or have been injured in some other way. This explains 
why the germination of many seeds is hastened by making 
holes in the hard seed coats. A period of rest is, however, 
by no means confined to such seeds as have impervious coats, 






Fig. 308> .Seed and germination of seedling of Indian corn 

Above, section of ungerniinated seed and a seed in which the plumule and radicle 
are pushing out: e, endosperm ; s, cotyledon, or scutellnm ; p, plumule ; r, rad- 
icle (x II). Below, germination of seed (x §) 

as the necessity for a period of rest is frequently characteristic 
of the seeds themselves. It would appear that some metabolic 
change must take place in such seeds before they are ready for 
germination. 

Seeds in a dormant condition can withstand much greater 
extremes of heat and cold than can seedlings or mature plants. 



Fig. .304. Successive stages ia the germination of coconut 

The large central meat is endosperm. In the drawing at the left the embryo is 
still very small ; the cotyledon, which is modified as an absorbing organ, is in the 
endosperm, while the remainder of the embryo projects up into the hush. In the 
second drawing the modified cotyledon has enlarged, while the shoot appears 
through the husk. In the third drawing the cotyledon flUai'the cavity in the 

kernel, {x. •fg) 


Active protoplasm consists very largely of water, while the 
protoplasm of dry seeds contains comparatively little water. A 
supply of water is therefore very essential to change the proto- 
plasm from the relatively inactive conditions in the dry seed to the 
active conditions in the young seedling. The amount of water 
absorbed is frequently considerable, and it is absorbed with great 
force. During the process the seeds become soft and saturated 
with water. This absorption of water causes most seeds to swell. 
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Conditions for germination. Germination is really a process of 
o-rowth, and the conditions that are necessary for germination 
are essentially the same as those that are required for other 
forms of growth. Growth is dependent on a supply of food, 
water, and oxygen, and a suitable temperature. Seeds normally 
contain sufficient food for growth, so that we do not usually 
think of food as a condition that is essential for germination. 
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The source of energy in germination is respiration, or, in 
other words, the oxidation of food material stored in the seed. 
Tiie amount of energy necessary is considerable, as germina- 
tion requires that the material stored in the seed be rapidly 
transformed into tissues. Large quantities of oxygen are there- 
fore necessary, and seeds will not germinate unless there is an 



Fig. 305. Successive stages in the germination of castor-oil seed 

The cotyledons first act as absorbing organs and later become green foliage 
leaves. Compare with Fig. 269 

abundant supply. For this reason most seeds fail to germinate 
in poorly aerated soil, as when buried at a great depth or when 
the air spaces of the soil are filled with water. 

Selection of seeds. The value of knowing the hereditary 
characters that are carried in a seed has already been discussed. 
In selecting the seeds for planting there are certain other points 
which it is important to take into consideration. Among these 
are the size and vigor of the plant producing the seed, and the 
size of the seed itself. Vigorous plants are more likely to pro- 
duce vigorous offspring than are weak ones. Moreover, large 
seeds are much more likely than small ones to give rise to robust 
plants. A large seed indicates vigor and abundant food material 
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that seeds are fully matured. Immature seeds frequently do 
not germinate, or, if they do germinate, often produce weak 
seediincrs. The age of the seed is also important. Many seeds, 
as we have seen, necessarily undergo a period of rest, and so 
can be stored for a considerable length of time without injury ; 



Fig. S06. Successive stages in the germination of squash 

Note the peg which catches into the seed coat and holds it while the cotyledons 
are pulled out. In the seed the cotyledons store food, during germination they 
supply food to the embryo, and later they serve as green leaves, (x }) 

but while seeds are apparently inactive, life processes are still 
going on, even though at a slow rate. If the seeds are stoied 
for too long a time, they begin to lose their vitality; and this 
process, once started, continues until the seeds reach such a 
condition that they will no longer germinate. 

Germination. The principal processes taking place during 
germination are the transfer of materials and growth. If tlie 
reserve food is stored in the cotyledons, it is transferred to tlie 
growing plumule and radicle (Fig. 302). When food is stored 
ill the endosperm it is first absorbed by the cotyledons and then 
conveyed to the regions of growth (Fig. 803). During gernii- 
nation the cotyledon may therefore serve for the storage of 
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food, or, if tlie food is stored in the endosperm, as an absorb- 
ing and transferring organ. 

Frequently, as in the grains of the grasses, the cotyledons 
serve as absorbing organs and do not leave the seeds (Fig. 303). 



Fig. 307. Stages in the germination of peanut 

The cotyledons are carried up into the air and the food transferred from them 
to the growing parts of the seedling, while the cotyledons shrivel without 
becoming green, (x |) 

The tip of the cotyledon of the coconut is modified into an 
absorbing organ which grows so large as to fill the cavity of 
the nut (Fig. 304). 

In some eases in which the seeds contain endosperm (Pig. 305). 
and in others in which they do not fPiff. 306^. the cotyledons 
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are carried up into the air by the growth of the hypocotyl (the 
part of the seedling between the cotyledon and the root) ana 
function as green leaves. In an intermediate type the cotyledons 
are carried up into the air by the growing hypocotyh but shrivel 
as the reserve food is exhausted and do not function as green 
leaves (Fig. 307). The orientation of the seedling is frequently 
due to movements of the cotyledons, which bend in such a way 

as to push the developing radicle mto the ground. 


CHAPTER X 

BIVISION THALLOPHYTA 

Bivisions of plants. All living organisms are placed in either 
the planUcmgclom or the animal kingdom. The plant kmgdom 
IS divAed into large groups, or dividom, the number and size 
ol winch vary somewhat according to the opinions of different 
authouties._ Ihus what some botanists regard as one division 
maj be divnled mto two or more divisions by other authorities. 

in thr'folT*'"'''' * T divided into four divisions 

m the following discussion. These divisions are Thallophyta 
Byyuphyta, Ptendoj)hjta, and Spermatophyta. ^ ^ ’ 

eoJit f seed plants. The Pteridophyta 

consist of the ferns and their allies. The Bryophyta are eom- 

rif J t “Tr' liverworts. 

boclT e T lhat t if Thallophyta means plants with thallus 

Thl clivkirn V// sterns, roots, and leaves, 

thal ?h T “^de up of such plants, but to say 

that this division contains all the thallus plants is not exact 

as smne o the liverworts have thallus bodies, while none of 
bacteiia, the alge, the fungi, and the lichens. The alo-ie are the 

CLASS bacteria 

I he bacteria are very small and apparently simply oro-anized 
plants. Some of them are so small as to L 

Hint of vision of the compound microscope. There are other 
organisms which are so small as to be actually infisMe td 
t may be that some bacteria belong to this class Mo t of T 
bacteria are either parasites or saprophyte^ 
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Cell strixcture. The bacteria are usually divided into three 
groups, according to their shape : coceus forms, which are 
spherical cells; bacillus forms, rod-shaped cells; and sinriUum 
forms, curved cells (Fig. 808). 

The bacteria are small masses of protoplasm without chloro- 
phyll and surrounded by cell walls. A few of the cocci and 



Fig. 308. Various forms of bacteria 

First line, at the left, coccus forms ; at the right, bacillus forms ; second and 
third lines, bacillus forms; fourth line, spirillum forms; fifth line, stages in 
formation of an endospore 

many of the bacilli and spirilla have very small, delicate, 
threadlike processes known 2 ^.^ flagella (V\g, 308). The move- 
ir ents of these flagella give the bacteria the power of locomotion. 

The bacteria do not possess nuclei such as are found in 
1 igher plants, but many of them contain granules which have 
staining properties resembling those of chromatin (Fig. 309). In 
many cases these granules are scattered throughout the cell, 
while single spherical, spiral, or zigzag structures have been 
described in some bacteria. The question as to wliether or not 
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ninTtJz'ifirr -»* 

oixauBed nuclei which aTaa™ito aoSlT'*a'°°tr'v *° 

w rig irieriiiir tI 

T bactem do not eeem to pcsees anytUng that roeen,. 

bles a typical nucleus. 

Decay bacteria. The 
1 emains of plants and 
animals do not decay 
by themselves but are 
destroyed by the action 
of other organisms. We 
know that fruit and • 
meat decay very rap- 
idly if no care is taken 
to prevent this process. 
That the decay is not 
due to anything inher- 
ent in the substances 
themselves is shown by 
the process of canning, 
milk, meat, or fruit by heat anrl tn., sterilize 

reason why these substances do not de' 

is that by heating we kill all fbo r • •i^''^^3er such conditions 

destroy them, while by sealing we preL7thfa“' 
organisms. Decay mav hp access of other 

plTwlLt: Stpll"'" » 

titles IT 

but must «.,t be reduced “^buble to green plant, , 

-sing the decay „t cganie ZliTls”" tl 




Fm. 309. Internal structure of bacteria 

Redrawn after Dobell 
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elements to the soil in a form in which they are available to 
higher plants the bacteria perform a very useful function. If it 
were not for the action of organisms which cause decay it is 
reasonable to suppose that the earth would be deeply covered 
by the products of the life activities of the higher organisms. 

When bacteria cause the decay of substances such as wood 
or food which man desires to preserve, they are regarded as 
injurious. It should be noted, however, that in causing decay 
bacteria perform a function that is naturally very useful. 

Bacteria sometimes produce substances that are useful to 
man. The souring of milk is due to the formation of lactic 
acid by bacteria. Vinegar is essentially a solution of acetic acid, 
and the so-called natural vinegar is produced by the action of 
bacteria that convert the alcohol of wine into acetic acid. 

Disease bacteria. Infectious and contagious diseases are caused 
by small organisms that grow inside of their hosts. Some dis- 
eases are due to small animals, but the majority of the infectious 
and contagious diseases of man and other animals are caused by 
bacteria. Bacteria are responsible for such diseases as tubercu- 
losis, typhoid fever, cholera, leprosy, plague, and pneumonia. 
Many diseases of plants are also caused by bacteria. There are 
two general ways of preventing bacterial diseases : the most ob- 
vi#us is to keep the bacteria from entering the host ; the other 
method is to render the host immune to the attack of a given 
kind of bacteria, as by vaccination. 

Nitrogen-fixing bacteria. Green plants obtain nitrogen from 
the soil in the form of compounds. Certain bacteria have the 
property of combining atmospheric nitrogen and fixing it in com- 
pounds that can be absorbed and used by ordinary green plants. 
Some of these bacteria live free in the soil. The energy which 
they use in fixing the nitrogen is obtained by the oxidation 
of carbohydrates. Other bacteria cause the growth of nodules 
on the roots of legumes (Fig, 810). The bacteria live in these 
nodules and combine the nitrogen of the air in such a way that 
it can be absorbed by the legumes. When such legumes die they 
enrich the soil with nitrogen that was fixed by the bacteria. It is 
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ovriiig- to this fact that land can be fertilized by growing peas or 
beans, especially if the plants are afterward buried in the soil. 

Reproduction of bacteria. Bacteria reproduce by the simple 
division of one cell into two. The divisions frequently follow 
each other in I'apid succession, and the length of time from one 

division to the next may not 
be more than from twenty 
to thii-ty minutes. The ba- 
cilli and spirilla also produce 
spores. 'S^ore^are smgle-eelM^ 
reproductive structures. The 
spores of bacteria are called 

from the fact that 

they are formed within the 
cell (Fig. 308). The proto- 
plasm of the cell surrounds 
itself with a thick wall within 
the original cell wall. The 
endospores are very resistant 
to external conditions, such 
as dryness or extreme tem- 
peratures. Their importance 
seems to lie in the fact that 
they enable the bacteria to 
survive under adverse cir- 
eumstanees. Under favorable 
conditions the covering of the 
spore bursts and the protoplasm resumes its ordinary activities. 

Sources of energy. Green plants obtain energy from sunlight 
and store it in the products of photosynthesil When energy 
required for the life activities of these plants, this stored 
energy is released by respiration, which is the oxidation of 
organic compounds that had their origin in the process of photo- 
synthesis. Animals also obtam energy for their life activities 
by the release, through respiration, of energy stored by plants in 

both plants 


Pig. 310. Xodules on root of sensitive 
plant pudicd) due to nitrogen- 

lixing bacteria, (x 1) 
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and animals, therefore, is the energy of sunlight which is stored 
by plants in photosynthesis. Both saprophytes and parasites 
resemble animals in that they obtain energy by the oxidation of 
orcranic compounds that had their origin not in themselves but 
in green plants. There are, however, certain kinds of bacteria 
that can live in the absence of both light and organic compounds. 
By the oxidation of inorganic mineral matter they obtain eneigy 
for all their activities, including the assimilation of carbon Irom 
carbon dioxide. These bacteria include the sulphur bacteria, wliich 
obtain energy by the oxidation of sulphur compounds, and nitri- 
fying bacteria, which obtain energy by the oxidation of nitrogen 
compounds. As these bacteria can live without sunlight and m 
the absence of organic compounds, they give us an idea of a way 
in which it is possible that living organisms existed and obtained 
energy before the development of plants with chloTOphyll. 

Relationship of bacteria. The bacteria have the simplest struc- 
ture of all known living organisms. Moreover, since there are 
bacteria that can live in the absence of light and of organic 
compounds, and so have a method of obtaining energy wliicli 
could have been used by plants before the evolution of chloro- 
phyll, and since some of the oldest sedimentary rocks show evi- 
dence of bacterial action, there are grounds for the opinion that 
the bacteria are the most primitive of known living^ organisms. 

While the bacteria are a very primitive group, it does not 
follow that all the individual species are ancient. Indeed, tliose 
that naturally live only in the human body would appear to be 
of recent origin, as they have physiological properties which 
they could hardly have acquired before the advent of man, or 
of animals rather closely related to him. 


GENERAL SUB. VET OF ALGiE 

Most of the simpler chlorophyll-bearing plants are knov n b^ 
the popular name of algce. Algae include four classe.s^.^tlie blue- 
green algm, the green algae, the brown algm, and the red algae, the 
desio-nations referring to the colors of the groups. The blue-green 
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algie are generally believed to be the most primitive, while the 
other three groups are usually considered to be descended from 
a class of unicellular organisms that are known as flagellates. 

Blue-green algce are the most 
simply organized of chlorophyll- 
bearing plants. The individuals 
consist either of single cells, 
rows of cells, or colonies of 
cells (Figs. 311, 312). In this 
group no method of sexual re- 
production is known ; propa- 
gation results from the division 
of cells. The class as a whole 
is characterized by the absence 
of a definite nucleus and mi- 
totic division, although in the 
higher members there is a cen- 
tral body, frequently called an 
incipient nucleus, whose struc- 
ture approaches that of a nu- 
cleus. Also, the chlorophyll is 
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not aggregated into plastids 
but is diffused in the periph- 
eral portion of the protoplasm. 
While the blue-green algm are 
the most simply organized plants 
with chlorophyll, there is great 
uncertainty as to how they may 
be related to other chlorophyll- 
bearing plants. 

The are believed 

to be the ancestors of the true 
alg^e, which include the green, the brown, and the red algm. 
The flagellates (Fig. 317) are single-celled organisms which 
move by means of long, slender, protoplasmic projections called 
flagella. The green flagellates contain chloroplastids and a 


Fig. 311. Forms of blue-green algse 

Left, Mmlaria\ upper center, np/m- 
nothece ; lower center, Mermnopedia ; 
riglit, Oscillatoria 
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well-developed nucleus ; in these features they are much more 
advanced than the blue-green algee. Propagation is by means 
of the division of a cell (Fig. 319), no sexual reproduction 
being known. 

The most primitive of the green algce are somewdiat more ad- 
vanced types of unicellular plants, which, like the flagellates, 
move by means of flagella (Fig. 320). In these there are two 
types of reproduction. The cell contents may divide (Fig. 822) to 
form a number of small individuals, or zoospores^ which are like 
mature individuals except in size, 
and which, without sexual fusion, 
grow into mature individuals: 
or the cell contents may divide 
into a somewhat larger number of ^ 

smaller bodies, or gametes^ which 
have the same structure as zoo- 

spores, but which fuse in pairs f f IrT^I 

to give rise to new individuals 
(Fig. 323). Reproduction by fu- 
sion of two similar gametes is a Iig.31*2. Gloeocapsa 

very simple form of sexuality. ^ single-celled individual and colo- 

J' 7 , 1 • 1 i I* ides of two, three, and four cells. 

In somewhat higher types oi (xl285) 

plants sexual reproduction may be 

due either to the fusion of similar gametes or to the fusion of a 
large and a small gamete (Fig. 328), while in still more advanced 
types the large gametes become nonmotile eggs which are ferti- 
lized by small gametes called sperniatozoids (Figs. 331, 338). 

Just as the algm show an evolution in the development of 
sex, they also exhibit a gradual development of a nonmotile 
vegetative body. One of the most primitive indications of a 
nonmotile vegetative body is found in certain primitive, motile, 
unicellular forms of green algse. In these, under certain condi- 
tions, the individuals may withdraw their flagella and by divi- 
sion give rise to a colony of nonmotile cells held together by a 
gelatinous matrix (Figs. 320, 321). When conditions again be- 
come favorable for the motile state, the cells send out flagella 
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and swim out of the gelatinous material. The colonial develop- 
meiit just described may be regarded as an indication of a non- 
motile, vegetative development interpolated between motile states. 
In somewhat more advanced types motile reproductive cells give 
rise to vegetative bodies consisting of rows of cells (Fig. 827), 
and these in turn reproduce by means of motile cells wdiich 
resemble the mature individuals of the primitive, unicellular, 
motile forms (Fig. 328). The vegetative body here also may be 
regarded as being a development of a nonmotile state interpo- 
lated between motile states. In the higher alga3 the interpolated 
vegetative body becomes very complex (Fig. 335), while the 
portions which bear gametes are highly specialized (Fig. 336). 

In the algas there has been more than a single development 
of sexuality; they have developed from the fusion of similar 
gametes to the fertilization of eggs by spermatozoids, and this 
development has taken place independently along a number of 
different lines (Figs. 343, 353). The development of a complex 
vegetative body has also occurred independently along different 
lines, with tlie result that there is great variation in structure 
among the algse (Figs. 325, 339, 342, 344, 345, 348, 350, 
352, kd). 

CLASS CYANOPHYCEAE (BLIIE-GEEEN ALGM) 

The members of this class are very simple plants. The indi- 
viduals consist of single cells, of colonies of cells held together 
by a gelatinous covering, or of chains of cells (Figs. 311-314). 
The popular name, hhie-green (dgm^ refers to the characteristic 
blue-green color of these plants. 

Cell structure. The Cyanophjcem contain chlorophyll and in 
addition the blue pigment phycocyanin. 

The cells are characterized by liaving a colorless central por- 
tion, the so-called ceMral hody^ surrounded by a pigmented zone. 
The central body seems to represent an incipient nucleus, but is 
not separated from the remainder of the cell by a membrane, 
while its structure is certainly much more primitive than that 
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of an ordinary nucleus. The complexity of this incipient nil- 
eleiis varies greatly in different forms. In the most advanced 
it is clearly differentiated from the remainder of the 

I protoplasm, while in the simplest forms such 

differentiation has not been demonstrated. ' 
The group as a whole is characterized by 
having the photosynthetic pigment distrib- 
uted in the peripheral zone, and not collected 
in chloroplastids as in the higher plants. 

Another very characteristic feature of the 
Oycinofhjeeae is the gelatinous coverings that 
surround them. The 
gelatinous coverings 

and the blue-green j \ 

color give the Cyano- / \ 

jAiy eeae theii Ammc- I m 
teristic appearance, as \ J 

they can usually be / 

recognized as slimy, 

blue-green masses. ^ 

In those species in 
which the plant con- 
sists of a single cell or 

Fig. 313. A single ^ colony of cells held i 

ceil of Spiruhmi, -^y I 

a bme-green alga. ^ , n ? VAII V / 

(X 925) nous materials all the / 

cells are alike, and in / / 

many of the species in which the cells are 

arranged in the form of chains the cells are gvp species of 

alike. In other species there are special jsj-oHtoc, each embedded in 
cells called heterocysts (Figs. 315, 316) . a gelatinous matrix 

These are formed from ordinary cells, 

usually by increase in size and an almost complete loss of piigment. 

Reproduction. The Gyanopliyceae have no method of sexual 
reproduction. The single-celled and colonial forms are repro- 


a bine-green alga. 
(X 925) 


Fig. 314. Two species of 
JVostoc, each embedded in 
a gelatinous matrix 
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reproduction is often due to the breaking up of the filament into 
short pieces called liormogonia^ which are often limited in size by 
heterocysts. Reproduction may also be due to the formation of 

resting spores. A spore is a one-celled 
reproductive structure. In all cases 
the resting spores of the Oyanophyceae 
arise from ordinary cells, which gener- 
ally increase in size and become largely 
filled with stored food materials and 
surrounded by two distinct membranes. 

Distribution. The Oyanophyeeae are 
found in all parts of the world. They 
usually occur in 
water or in damp 
localities, but also 
occur in dry situ- 
ations. They are 
frequently very 
abundant in fresh water and sometimes 
occur, in such quantities as to produce a 
distinct color, the so-called "water bin me.” 

Cattle may be killed by drinking such 
water. When the Cyanophyeeae occur in 
water in great qiiaiitities, their death and 
decay frequently gives the water a very 
unpleasant odor and taste. 

Relationship of Cyanophyeeae. The ap- 
parently simple structure of the cell of the 
Oyano2)liyceae and the absence of a sexual 
method of reproduction indicate that they 
are very primitive forms of plants. The 
bacteria, which lack chlorophyll, are the 
only other plants that do not have definite nuclei, while the 
Oyanophyeeae are the only plants witli chlorophyll that do not 
have chloroplastids. For these reasons the Oyanophyeeae are 
regar<led as the most primitive chlorophyll-bearing plants. 



Fig. 316. Andbaena^Ath 
heterocysts. (x 535) 



Fig. 315. A filament of 
toc -with heterocysts. (x695) 
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It seems reasonable to suppose that the most primitive 
ajicestors of the higher plants lacked a definite nucleus, and also 
that they did not have a method of sexual reproduction. More- 
o\xM‘, it would seem highly probable that the first plant that 
possessed chlorophyll did not have definite chloroplastids. It 
appears, therefore, that the Cyanophyceae possess many features 
that must have been characteristic of some of the primitive an- 
cestors of the higher plants. While there is no evidence that 
the Cyanopliyceae themselves gave rise to any higher group, it 
does seem probable that they and the higher plants had at least 
a common ancestor, and that in many respects the Oyanopltyceae 
resemble this common ancestor very much more than do the 
higher plants. 

The only close relationship of the Oyanophyceae is to the bac- 
teria, wliicli they resemble in lacking sexuality and a highly 
organized nucleus and in the method of cell division. 


CLASS FLAGELLATA 


The flagellates consist of unicellular or colonial aquatic or- 
ganisms which have both animal and plant characteristics. The 
name Flagellata refers to one or two (rarely more) slender, hair- 
like projections called flagella^ the movement of which enables 
the individuals to swim in water (Fig. 817). 

Cell structure. The cell is naked or has a distinct membrane 
which seldom contains cellulose. Within a cell is a single nu- 
cleus and a pulsating vacuole, while many species have a red 
eyespot (Fig. 317). Some forms have well-developed green, 
yellow, or brown plastids. which enable them to carry on photo- 
synthesis; others are colorless and live by absorbing organic 
matter from the surrounding water; while many can take in 
and digest solid particles. Some forms contain chlorophyll and 
manufacture food by photosynthesis when living in the light 
(Fig. 818), but when growing in the dark in nutrient solutions 
they lose their chlorophyll and absorb organic food from the 
surrounding medium (Fig. 318). 
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Reproduction. Flagellates are reproduced by the longitudinal 
(livisioii of the cell (Fig. 319), no sexual reproduction being 
known. In many species the cell may become rounded and in- 
closed in a thick cell wall, forming a resting spore (Fig. 318). 
The protoplast, on germination, divides to form a number of 
new individuals (Fig. 318). 

Euglena, This is a very common and well-known genus of 
the Flagellata (Figs. 317, 319), which is frequently so abundant 



Fig. aiT. Enyleim showing vanous forms assumed by a single cell, (x 075) 


in small puddles of standing water as to give the water a greeii- 
isli color. Evylena has a single flagellum which enables it to 
swim through the water, but it can also crawl by means of 
movements tvhich change the shape of the cell. In its usual 
form it has bright-green chloroplastids, but when grown in the 
dark in nutrient solutions it loses its chlorophyll and lives in 
the same manner as do many unicellular animals (Fig. 318). 
It reproduces either by longitudinal fission (Fig. 319) or by the 
division of the protoplast of rounded cysts or spores (Fig. 318) 
to form new individuals. 
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RelatioEsMp of Flagellata, The flagellates are a very interestmg 
<Troiip; they are clearly on the border line between animals and 

plants, and there are 






reasons for consider- 
ing them as the group 
from which both ani- 
mals and higher plants 
have been derived. 

While at least those 
forms wliich contain 
chlorophyll may surely 
be regarded as plants, 
the whole group is 
considered by zoolo- 
gists as belonging to 
the animal kingdom, 
and those forms that 


Fig. 318. Englena gracilis 

Upper left, green form ; upper riglit, colorless form 
grown in nutrient solution in the dark ; lower left, 
resting spore ; lower right, contents of resting spore 
divided to form four daughter cells. (Redrawn 
after Zumstein) 




lack chlorophyll are certainly like animals in 

their characteristics. way in which pro- 

tozoa (one-celled animals) may have been de- 

rived from plants is suggested by those forms 

which contain chlorophyll and at the same Division of 

time ingest solid food particles, and by those motile cell of Euglena 

which under certain conditions contain chlo- uedrawn after stein 

rophyll and obtain food by photosynthesis 

and under other conditions lack chlorophyll and live like animals. 

Some of the characteristics of the flagellates which at first 
sight might seem to suggest that they are animals are the very 


fiMm 




Fi<;. 310. Division of 
motile cell of Euglena. 


Redrawn after Stein 


i 
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ones tliat indicate most clearly tliat they are the ancestors of 
the higher plants. Movement by means of flagella is found in 
the simplest plants, the bacteria, and is 
characteristic of the simpler algm, while 
similar types of movement are found in 
sexual cells of specialized plants even as 
high in the evolutionary scale as the sim- 
plest of the seed plants. Likewise, the 
presence of an eyespot is characteristic 
of many of the unicellular plants and 
of the sexual cells of some of the mul- 
ticellular ones. A consideration of the 
flagellates shows very clearly that there 
is no absolute distinction between plants 
and animals. 

It seems reasonable to suppose that 
the flagellates were derived from some 
simpler chlorophyll-bearing plants. The 
Gyanopliyceae^ however, are the only 
known chlorophyll-bearing plants which are considered as more 
primitive than the Flagellata^ and the way in which these two 
groups may be related is entirely uncertain. 

CLASS CHLOROPin^CEAE 

Green algm are more varied in form than any other group 
of plants, and it is evident that they have undergone evolution 
along a number of different lines. To acquire any clear concep- 
tion of the different subdivisions of the green algte would be 
impossible in a short course. For this reason, in the following 
discussion no attempt is made to deal with the classification of 
the green algm or to do more than indicate a few lines of evo- 
lution. The forms described have been selected because they 
are common and widely distributed, and show something of 
the diversity of green algae and the evolution of sex. 



Fkt. 320. Chlamydomonas 

Near the upper end in the 
clear area are two contrac- 
tile vacuoles. Most of the 
cell is colored by a cliloro- 
plastid. In the upper right 
part of the cell is a pigment 
spot, eyespot. (x 1300) 
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OHLxiMYDOMONAS 

Cell structEre. The genus Qhlamydomonm is an interesting uni- 
cellular form which is clearly intermediate between the flagellates 

and many of the higher 
green algae. The cells 
of GTilamydomonas are 
spherical, oval, or some- 
what cylindrical. They 
are surrounded by cell 
walls, and each indi- 
vidual has two cilia or 
flagella at its anterior 
end (Fig. 820). The 
term cilium is more 
inclusive than flagel- 
lum^ a flagellum being 
a long, mobile cilium. 
The protoplasm at the 
anterior end is clear 
and contains two pulsating vacuoles. Most species of Ohlamydo- 
monas have a red spot, called the eyespot, which is usually at 
the anterior end. The cell con- 
tains a chloroplastid which, typi- 
cally, is cup-shaped and contains 
a pyrenoid. Pyrenoids are found 
in the chloroplastids of many 
green algse and usually consist 
of a central protein portion sur- 
rounded by starch. In many 
cases the pyrenoids seem to be 
connected with the ' formation of 
starch. 

Chlamydomonas has what is 
known as a ijalmella stage, dur- Yig. 322. Division of Cldamydo^ 
ing which it loses its cilia and monm angulosa into daughter cells 
may divide to form numerous Redrawn after Dill 


Fig. 321. Palinella state of Chlamydomonas 
Redrawn after Goroscliankin from Oltmaims 
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iiidividiials held together by a gelatinous envelope (Fig. 321), 
When conditions again become favorable to the motile stage, 
the cells acquire cilia and swim out of the jell}?'. 

Reproduction. Glilamyclomona% reproduces vegetatively by the 
formation of zoospores, a method which is characteristic of many 

green algee. Zoo- 
spores are motile 
spores. In the for- 
mation of zoospores 
in Olilamydom onas 
the contents of the 
cell divide rapidly 
into two, four, or 
eight parts (Fig. 
322). These ac- 
quire the structure 
of mature individu- 
als and are set free 
from the mother cell 
by the conversion 
of the wall of the 
latter into mucilag- 
inous material. The 
mature motile indi- 
viduals are simply 
enlarged zoospores. 

Sexual reproduc- 
tion takes place by 
means of gametes, which are formed in the same way as zoospores 
and have the same general structure, but are frequently smaller 
and more numerous (Fig. 323). Two of these fuse together to 
form a single cell known as a zygospore. A zygospore is a spore 
formed as a result of the fusion of two similar gametes. The 
surrounds itself with a thick wall and undergoes a 
period of rest. When conditions are favorable, the contents of 
zygospores are transformed into zoospores, which enlarge and 



Fig. 323. Clilarnydomonas longistigrna 

Above, division into daughter cells ; lower figures show, 
the conjugation of gametes. (Redrawn after Dill) 
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become mature motile iiidi- 
viduais. Ill most cases the 
(Tame tes of ChUm ydonionas 
are all alike (isogametes), 
while in some cases they dif- 
fer in size (heterogametes). 

The similarity of the gam- 
etes and zoospores of Clilamy- 
domonas indicates that in such 
cases gametes have been de- 
rived from zoospores and 
that sexuality had its origin 
in the transformation of non- 
sexual zoospores into sexual 
gametes. 

Relationship of Chlamydo- 
monas. The eyespot, tlie 
contractile vacuoles, and the 
flagella of Oldamydomofias are 
distinctive structures which 
are also presented b}^ the 
flao’ellates. The fact that 

o 

these structures are found in 
both Flagellata and Gldamy- 
domonas indicates that the 
groups are very closely re- 
lated. OJdamydomonau is 
more advanced than the Flag- 
ellata in that it has a sexual 
method of reproduction. 

Ulotiirix ■ 

Vegetative strncttire. Ulo- 
thrix is a green alga which 
is frequently abundant as a 
hairy growth on stones in 



Fig. 324. Pleodorina illinoisemis 


This is (}ne of the simplex’ members of the 
family FoZrocaceae, in which the indiviclual 
cells are arranged in colonies in the form 
of a hollow sphere. Vegetative reproduc- 
tion is by the division of a single cell to 
form a colony. Asexual reproduction in 
tlie lower forms is by isogametes. Com- 
pare with Fig. 325. (After Kof oid) ( x 250) 



Fig. 325. Merrillospliaera afrieana 

This is one of the higher members of the 
family Volwcaceae^ in which a colony con- 
sists of many cells and in which sexual 
reiDrodiiction is by the union of eggs ami 
sperms. Within the mother colony are two 
large daughter colonies. The daughter at 
the left contains twenty-three eggs and 
two gx'oups of sperm cells, which are at the 
right and left. The daughter at the xight 
contains three asexual granddaughter col- 
onies. (After W. B. Shaw) 



322 A TEXTBOOK OF GENERAL BOTANY 

slow-mniiiiig streams, ponds, etc. The vegetative plant consists 
of a row of cells which are similar except that the lower one 
serves to attach the plant to the substratum. Each cell contains 
a single nucleus and a single large chloroplastid (Fig. 327). 

Reproduction. Asexual reproduction takes place by means of 
zoospores with two or four cilia (Fig. 328). Each zoospore has 


Fig. 326. Protococcus, a green alga which is 
common as a green coating on tree trunks and 
stone walls 

Protococcus consists of either a single cell or a 
colony of cells. Each cell contains a nucleus and 
a single chloroplastid. (x 2470) 

a red eyespot and a chloroplastid. The zoospores are formed in 
ordinary vegetative cells by the division of the protoplasm into 
a number of separate parts which acquire the characters of 
zoospores. The zoospores escape through an opening in the 
11 wall and, after swimming for a time, come to rest and 
into new plants (Fig. 328). 

Sexual reproduction is by means of gametes. These are pro- 
duced in the same way as the zoospores and in structure are 
like the zoospores except that the gametes never possess more 


Fig. 327, Cells from fila- 
ment of Ulotkrix 

Note that each cell con- 
tains a single nucleus and 
a band-shaped chloroplas- 
tid. (x 462) 


THALLOPHYTA 


323 


# 

than two cilia, are smaller than zoospores, and are produced in 
lari^er luimbers in a cell (Fig. 828). The gametes fuse in pairs 
to form zygospores, each of which becomes surrounded by a cell 
wall (Fig. 828). After a period of rest the zygospore germinates 
and produces a small, singlemelled plant, the protoplast of which 



Fig. 328. Ulothrix 

Left: above, the formation of zoospores; below, germination of zoospores. Right: 
upper line, formation and escape of gametes ; middle line, conjugation of gametes ; 
lower line, germination of gametes with the production of zoospores. (Redrawn 

after DodeLPort) 


divides to form a number of zoospores, which, like other zoo- 
spores, gro^v into ordinary vegetative plants (Fig. 328). Under 
certain conditions gametes may germinate without fusion. 

The fact that the gametes are similar to zoospores and that 
gametes may germinate without fusion indicates, as in the case 
of Ohlmnydcmionas^ that gametes are modified zoospores and 
that sexuality may have resulted from a change of nonsexual 
zoospores into sexual gametes. 
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In the same species of Tllotlirix there 
may be a fusion of similar gametes, and 
m that ease there is no differentiation of 
sexes ; or there may be a fusion of micro- 
gametes (small gaineteKs) and megagam- 
etes (large gametes), which indicates an 
early state of differentiation of sexes. 

Relationship of Ulothrix. The similar- 
ity of the reproductive cells of Ulothrix 
to the mature individuals of such forms 
as Ohlamydomonas and the Flagellata in- 
dicates that Ulothrix was derived from a 
flagellate ancestor. The vegetative plant of Ulothrix may be 
regarded as interposed between motile states in the same way as 
the palmella state is inter- 
posed between motile states 
in OhlamydomonaB. 

Oedogonium 

Vegetative structure. 

Oedogonium is a very com- 
mon genus of fresh-water 
alg^e. A plant consists of 
an unbranched filament 
which when young is at- 
tached to the substratum by 
means of a basal cell. AVhen 
the filaments become older 
they may float freely in the 
water. Each cell contains 
a single nucleus and a 

single large chloroplastid, ■ ~ 

•, ? 1 1 below, termination of zoospore. (Redrawn 

which IS composed oi anas- ® 

tomosing strands. 

Reproduction. Asexual reproduction is by means of zoospores 
which are formed singly in vegetative cells (Fig. 330). The 



Fig. 330. Oedagoniim 
Above, formation and escape of zoospore ; 



Fig. 329. Pedimtrum^ 
a colonial green alga. 
(X 210) 
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zoospore is an egg-sliaped structure 330), Xte : anterior 

region is clear and is surrounded by a circle of cilk, the 

remainder of the zoospore is colored green 
by the chloroplastid. The zoospore some- 
times contains a pigmehtspot. A zoospore 
is set free by the Splitting of the. waE of 
the cell, in which it is produced. It. swims 
about for a whiles then attaches itself, to 
some object by means of its anterior end, 
Avithdraws its cilia, produces a cell Avail, and 
groAvs into a new 
filament (Fig. 330). 

Sexual reproduc- 
tion is the result of 
the fusion of an egg 
and a q)e')matozoid, 

A spermatozoid is a 
small motile gamete 
Avhich fuses Avith 
an egg. The eggs 
are borne singfy in 
large, rounded cells 
known as oogonia 
(Fig. 331), Avhile the 
spermatozoids are 
formed in special 
small cells called an- 
theridia (Fig. 331). 

An oogonium is a structure in Avhich one 
or more eggs are produced, Avhile an an- 
tlieridium is a structure in AAdiich sperma- 
tozoids are formed. The spermatozoids 
are similar to the zoospores except that 
they are smaller. When the egg is ready for fertilization, an 
opening appears in the Avail of the oogonium, and the spermato- 
zoid enters through this and fuses with the egg cell (Fig, 333), 


Fig. 331. Filament of 
Oedogonhim 

Belo^Y is a large rounded 
oogonium, and above are 
four small cells, the an- 
tlieridia. (x 240) 



Fig. 332. Plant of Oedo- 
gonium mth. two rounded 
oogonia and five dwarf 
males attacked to it 
Kedrawn after Pringsheim 
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Fig. 333. Oedogonium 

The first figure represents the escape of spermatozoids ; the next four, ferti- 
lization ; the sixth figure, oospore ; the seventh to ninth figures, escape of contents 
of oospore ; the last two figures, formation of zoospores. (The first figure re- 
drawn after Him ; the remainder redrawn after Juranyi) 


it is produced by the fertilization of an egg. When it germinates, 
the protoplasm divides to form four zoospores (Fig. 333). 

In some species the antheridia occur in ordinary vegetative 
filaments (Fig. 331) ; in other species they occur in dwarf male 
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Fig. 334. Escape of androspores 
of Oedogonium 
Eedrawn after Him 


plants (Fig. 332). When the an- 
theridia are formed in ordinary fila- 
ments, they usually occur as rows 
of small cells, each of which pro- 
duces two sperm atozoids. Dwarf 
male plants are developed from spe- 
cial spores known as androspores^ 
which are very much like the zoo- 
spores but are formed in rows of 
small cells (Fig. 334). These an- 
drospores attach themselves on or 










near the oogonia, and each grows 
into a dwarf male which consists of 
only one or a few cells. 

Relationship. Oedogonium shows 
a very high degree of sexual dif- 
ferentiation, as fusion takes place 






I Fig. 336. Cliara 

Left, portion of a plant ; right, section through apex of a long branch, showing 
a single-celled growing point 




between highly specialized eggs and spermatozoids. In this re- 
spect it is much more advanced than TJlothnx, where fusion is 
between two ciliated gametes. Owing to the fact that the 
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zoospores and spermatozoids of Oedogonimn have a circle of cilia, 
and that the cells have a peculiar method of division, this genus 
does not seem to be closely related to such plants as Ulothrix. 

Ghasa 

Structure. Ohara is a highly developed green alga which is 
common in fresh water. It belongs to the order Charales. 



Fig. 3.36. A branch of Clara bearing a large oral oogonium ; below this is 
a rounded aritheridium. (X 45) 

The vegetative portion of Chara consists of a much-branched 
thallus (Fig. 335) which is anchored to the substratum by 
branched filaments known as rhizoids. The growth in length 
of Ohara is due to a single apical ceU (Fig. 335). The branches 
are of two binds : long ones of indeterminate growth and short 
ones of hunted growth. The long branches consist of long inter- 
nodes and short nodes. The internode is composed of a large 
cell surrounded by a single layer of smaller cells called cortical 
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cells. At the nodes thei'e are whorls of short branches of limited 
o-rowth. These short branches bear still shorter branches and 

the sexual organs (Figs. 335, 336). 

Reproduction, No asexual reproduction by spores is knoAvn in 
Ohara, Sexual reproduction results from the fertilization of eggs 
by spermatozoids. The 
oogonium is egg-shaped 
and consists of a single 
egg surrounded by a 
fiasklike jacket of spirally 
wound cells (Fig, 336). 

The egg is very large 
and contains numerous 
starch grains. The an- 
theridium is spherical, is 
red when mature, and 
has an exceedingly com- 
plex structure (Fig. 336). 

There is an outer layer 
consisting of eight cells 
known as shield cells. 

From each of these there 
projects inward a long 
cell, the manuhrnm (Fig. 

337), at the end of which 
is a rounded cell, the head 
cell. The head cells pro- 
duce varied numbers of 
small cells. From each 





Above: a manubrium with head and ultimate 
cells and filaments of sperm cells. Below : at 
the left, portions of two filaments, one showing 
cells before formation of spermatozoids, the 
other with contents transformed into sperma- 
tozoids; at the right, mature spermatozoids. 

(X 1000) 


of the ultimate cells there grow two long filaments, each of which 
contains about two hundred cells. A sperinatozoid is developed 
in each of these (Fig. 337). When an antheridium is mature, it 
is ruptured and the spermatozoids escape and swim around and 
enter the necks of the oogonia. A single sperm cell fuses with 
an egg cell to form an oospore. When an oospore germinates, 
it grows into a new plant (Fig. 388). ' . \ ■ 
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RelationsMp. The Charales are generally considered as hav- 
ing been derived from green algae, but they are so very different 
from the remainder of the green algae that they are frequently, 

if not usually, placed 
in a separate class. 

Vauoesria 

Structure. VaMche7ia 
is a representative of the 
order Siphonales, which 
is characterized by the 
fact, that the vegetative 
(nonreproduetive) por- 
tion of the plant consists 
of branching filaments 
with many nuclei but no 
cross walls. Cross walls 
normally occur only in 
connection with the re- 
productive organs. 

Vaucheria is found 
in water and in damp 
places. A plant consists 
of a sparingly branched 
filament, in the vegeta- 
tive portion of which there are no cross walls. The cell wall is 
lined with protoplasm, while a vacuole extends through the cen- 
ter of the filaments. Numerous nuclei and chloroplastids occur 
in the protoplasm. The plant is attached to the substratum by 
a colorless branched filament, the holdfast. 

Reproduction. Vaucheria reproduces asexually by the pro- 
duction of compound zoospores. The end of a filament enlarges 
and is cut off from the remainder by a cell wall. The contents 
are then transformed into a large oval zoospore (Fig. 340). This 
contains many nuclei and has numerous cilia, which occur in 
pairs, each pair being opposite a nucleus. Since each pair of 



Fig. 338. Stages in the germination of 


Characeae 

The two on the left redrawn after De Bary ; the 
one on the right redrawn after Pringsheim 
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cilia occurs in connection with a nucleus, the zoospore is re- 
garded as a compound structure composed of many uninuclear, 
biciliated zoospores. The zoospore with the surrounding wall 



Fig. 339. a colonial nonmotile green alga 

Left, colony ; right, portion of a colony, two cells of which are giving rise to 
daughter colonies, (x 760) 


is known as a zoosporangium. The zoospore escapes by the 
rupture of the wall of the zoosporangium. After swimming 


about for a while 
the ‘zoospore comes 
to rest, develops a 
cellulose wall, and 
grows into a new 
plant (Fig. 341). In 
this process the zoo- 
spore produces two 
tubular filaments, 
one of which devel- 
ops a holdfast by 
wdiich the plant be- 
comes attached to 
the substratum. 




Sexual reproduc- 


Fig. 340. Vauclieria 


tion is by means of First three figures, formation and escape of zodspore*, 
eo'P'S and snermato- f ^^rirth figure, section of a portion of zodspore, show- 
^‘1 TL opposite each nucleus, (The first three 

ZOICIS. i e eggs OC- figures redrawn after Goetz from Oltmanns ; the last 
cur singly in oogonia, figure redrawn after Strasburger from Oltmanns) 



WMwS.. 

WMM' 




341. Germination of zoospore of Vnuclieria 
Redrawn after Sachs from Oltmanns 


Fig. 342. Branches of Vaiicheria 

Left, branch with three oogonia and empty antheridium ; right, branch with 
two oogonia and empty antherid him. (x 185) 
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meiit (Fig. 343) or 
occur on special short 
branches (Fig. 342). 

The oogonium is a 
large, round struc- 
ture, usually with a 
projection, or beak, 
and is cut off by 
a wall. It contains 
a single egg, which 
when mature has only 
one nucleus. The an- 

The ' antheridium is 
etative filament by a 

cross wall. When Fig. 343. Vegetative filaments of Vaucheria 
the egg is mature, bearing antheridia and oogonia 

the oogonium opens First figure, antheridium and oogonium not separated 
at the beak. The f ^rom filament ; second figure, odgoniuin and antlier- 

Tiiqtnro onthorirlin separated by cross walls; third figure, an- 

mauiic dutncimia discharge of spermatozoids, egg 

also open and in fertilized, (x 145) 

this way allow the 

sperms to escape. These swim around and some reach an 
oogonium, where one of them fuses with an egg. The fertilized 






Fig. 343. Vegetative filaments of Vaucheria 
bearing antheridia and oogonia 

First figure, antheridium and oogonium not separated 
from filament; second figure, odgoniuin and antlier- 
idium separated by cross walls ; third figure, an- 
theridium after discharge of spermatozoids, egg 
fertilized, (x 145) 
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egg surrounds itself with a thick wall and becomes a resting 
spore. After a period of rest it develops directly into a new plant. 


Fig. 344. a calcareous 

Relationship. The Siplionales, the 

order to which belongs, are 

a branch of the OldoTophyceae 

the result of a line of evolution very 

different from the main line that gave 

rise to higher green plants. Since we 

■. n ' • 1 1 1 • Fig. 345. A cell of Spiro-' 

regard nowenng plants as a culmma- ^ 

\ Wjra. (x42o) 

tion or tiie evolutionary process in 

plants, the order Siplionale8 represents a side branch of evolu- 
tion. One of the subclasses of fungi is believed to have been 
derived from this order. 

Spirogyra 


Fig. 345. A cell of Spii\ 
f/f/ra. (x425) 


Cell structure. Spirogyra is a filament composed of cells joined 
end to end, all of the cells being similar in structure. Each, cell 
contains one or more chloroplastids which have the form of spiral 
bands 
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row of conspicuous pyrenoids. A single nucleus is in the center 
of the ceil and is frequently conspicuous. The nucleus is sur- 
rounded by cytoplasm, and cytoplasm also lines the cell wall and 
extends as fine strands from the cytoplasm around the nucleus 
to the peripheral cytoplasm. The cells of Spirogyra are alike 
not only in structure but also in function. Each cell performs 
all the vegetative functions of the plant. Every cell absorbs 


Fig. 346. Spirogyra 

Successive stages in conjugation and formation of zygospore (x 105) and 
germination of zygospore 


water, carbon dioxide, and mineral matter ; every cell carries on 
photosynthesis ; and every cell has the power of growing and 
dividing. A filament grows by the division of its cells and the 
subsequent elongation of the daughter cells. One filament may 
break into two and thus form two filaments. 

Reproduction. Spirogyra reproduces sexually by conjugation, 
which is the union of two similar or nearly similar cells to form 
a zygospore. In most species this process is initiated by two 
filaments coming to lie side by side. Projections then grow sin- 
gly from the cells of each filament toward those of the opposite 
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filament (Fig. 846). When the projections from opposite cells 
come into contact, the walls between them are absorbed so that a 
tube connects a cell of one filament with a cell of the opposite 

filament. The protoplasm of 
one cell then moves through 
the. tube into the opposite 
cell and fuses with the pro- 
toplasm of that cell. Usually 
all the cells of a filament be- 
have alike in sexual fusion ; 
for example, if one cell of 
a filament retains its con- 
tents and receives the proto- 
plasm from the opposite cell, 
all cells in the same fila- 
ment do likewise. 

If the filaments having 
only receiving cells can be 
considered as indicating a 
female condition, Spirogym 
shows what may be regarded 
as a very slight differentia-, 
tion of sexes. 

The fusion of the proto- 
plasm of two cells results in 
the formation of a zygospore, 
which surrounds itself with 
a thick cell wmll (Fig. 346). 
The zygospores can with- 
stand adverse conditions : 


Fig. 847. Conjugation of Spirogyra 

Successive stages in conjugation in a species 
in wiiich conjugation is between two neigh- 
boring cells ; the last figure shows mature 
zygospore, (x 200) 


for instance, the ordinary vegetative cells of Sinrogyra would 
be killed quickly by drying, but the zygospores can withstand 
prolonged periods of drying. In consequence of this fact they 
can be transported from one body of water to another, or, 
wdien the water in a pool dries up, they can survive until they 
are again surrounded by water. 
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In some species the zygospore is formed by the conjugation of 
two adjacent cells in the same filament (Fig. 347). In such cases 
projections grow from the adjacent ends of the two cells. When 
the projections meet, the walls are absorbed, so 
that the two cells are connected by a tube, through 
which the protoplasm from one cell enters the other. 


Fig. 34:8. Forms of desmids 

Desmids are either single cells or cells joined together in filaments. They are 
related to 8 (p'irof/ 2 /m. See Fig. 349. (x 220) 

Relationship. Sjnrogyra belongs to the order Gonjugatae^ which 
is characterized by the absence of ciliated gametes and zoospores. 
In all members of the order sexual reproduction is due, as in 
Spirogyrc^ to the conjugation of two similar or nearly similar 
cells. The order is a branch of the Chlorophyceae^ and although 
the members do not possess ciliated cells, they were probably 
derived from plants which did have such cells. As the line of 
evolution shown by the Oonjugatae appears to end with the order, 
it is regarded as a side branch of the evolutionary process in plants. 

PHAEOPHYCEAE (BROWN ALGIY) 

The Phaeopliyeeae are multicellular algm having a brown color, 
and for this reason they are called brown algEe. The motile rc' 
productive cells have two cilia, which are inserted on the side of 
a cell, instead of at the anterior end as in the Ohlorophyceae. Like 



Fig. 350. Forms of diatoms 

Diatoms are algm which are brown and have siliceous shells. Reproduction is 

in Sh fresirnml 340). Diatoms are very abundant 

)oth titsh and salt water. Many cleansing preparations owe their effioacv to 

the scouring action of the siliceous .shells of diatonts, (x 225) 


Fig. 849. Reproduction of desmids 

Desniiils reproduce sexually by the conjugation of two cells (the walls of each 
separate into two parts ; the contents escape and fuse to form a zygospore, which 
suuoiuuls itse t with a thick wall); asexually by division of one cell into two 
acioss the narrow part or isthmus, each half growing out a new half. Left- 
a)o\e, matuie individual of Cosmarium (x IloO); below, a zygospore (x 700) 
Center ; a .stage in asexual reproduction of Cosmarium. Bight : three successive 
stages in asexual reproduction of Anthrodesmm (x 1090). See Fig. 348 
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Topliyeeae^ the Pliaeophyceae show a great variety of 
'igs. 351 ™f 353 ) and various degrees of sexual differen- 
The Phaeophyceae are found mostly in salt water. They 


Fig. 351. Brown algse 

Above, Sargasmm (x J) ; note that the x)lant is divided into stemlike and leaf- 
like portions and also has rounded air bladders which contain air and add to the 
buoyancy of the plant. Below, Padina aMstralis (x f) 

include the largest and some of the most conspicuous seaweeds. 
A simple form is Petoearjms, in which the vegetative body con- 
sists of branched filaments composed of single rows of cells 




Fig. 352. JEctocarpus 

This is a filamentous brown alga that 
reproduces sexually by the forma- 
tion of a large number of gam- 
etes in gametangia, shown in the 
drawing to the left as oval struc- 
tures. Ectoearpiis reproduces asex- 
uall>- by zoospores formed singly 
in zodsporangia, as shown in the 
drawing at the right, (x 145) 


(Fig. 852). Asexual reproduction 
is by means of zoospores wliieb are 
produced singly in zoosporangia 
(Fig. 352). Sexual reproduction 
is due to gametes whicli are formed 
in large numbers in gametangia 
(Fig. 352). All the gametes are 
similar in appearance. 

l'ttdZi.s‘(Fig. 353) and Sar^assum 
(Fig. 351), of the order Fucales, 
are well-known examples of more 
complex brown algae. Sargassum 
is sometimes found floating in the 
sea in large quantities. A large 
tract of the Atlantic Ocean is 
known as the Sargasso Sea on ac- 
count of the Sargassum floating 
there. The Fucales have no asex- 
ual method of reproduction but 
reproduce sexually by the fertili- 
zation of eggs by spermatozoids. 
The oogonia and antheridia are 
borne in flask-shaped depressions 
called conceptacles (Fig. 353). 


GLASS RHODOPHYCEAE 
(RED ALCLL) ’ 

The Rliodophyceae are usually 
red or violet or sometimes dark 
puiple or reddish brown. The color 
is due to a red pigment, phyco- 
erythrin, which masks the chloro- 
. ^ phyll. The red algae are mostly 

marine forms and include the majority of seaweeds. They are 
frequently abundant along the coasts and are often objects of 
great beauty. The Modophyceae, like the Phaeophyceae and the 
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Fig. 858. Fi/cws, a brown alga 

Upper left, complete plant, showing holdfast attached to rock and expanded 
fertile tips of the thallns (x J) . The dots in the fertile tips are openings into flask- 
shaped conceptacles containing gametes. The gametes are eggs and spermato- 
zoids, and .are found in the same conceptacles or on different plants, depending 
on the species. Below, section of conceptacle showing branched antheridial fila- 
ments and oval oogonia, each of which when mature contains eight eggs (x 65). 
Upper right, antheridial filament with numerous antheridia, each of which 
contains many spermatozoids (x 160) 




342 A TEXTBOOK OF GENERAL BOTANY 


iJhhro])hyeeae, exhibit a great variety of forms (Fig. 354). 
Reproduction is either by asexual spores or by the fertilization 
of female cells by male cells (Fig. 355). Unlike the male cells 

of other algai, those 

of tlie Rhodophyeecie 
are not motile but 
are transported by 
the movement of the 
water. 

Economic impor- 
tance of algae. The 
direct economic im- 
portance of algm is 
comparatively slight. 
Some of the seaweeds 
are used as food in va- 
rious countries, the 
collection of them 
for food being an im- 
portant industry in 
J apan. The larger 
brown algae serve as 
sources of potash and 
iodine. Agar, used as 
a medium for grow- 
ing bacteria and also 
as a medicine, is ob- 
tained from red algae. 
Certain of the brown 
and red algm are used 
as medicine. I ossil diatom shells (Fig. 350) are the basis of many 
cleansing preparations wliieh cleanse by their scouring action, 
Yhile dynamite is nitroglycerin absorbed in diatomaceous earth. 
Although the direct importance of algie is not great, they are 

mdn-ectly of tremendous value as the ultimate source of the food 
ot lisiies. 


Fig. S5-i-. Red algfB 


Upper left, Ghondrus crisp us; upper right, Por- 
phym; lower left, Polysiplionia molacea; ’lower 
CoT'allopsis salicornia 
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CLASS FUNGI 

The fungi are saproplij^tic or parasitic plants which are related 
to the alg^B but which do not possess chlorophylL They are fre- 
quently colorless, but may have various colors and may even be 
green, although their 
color is never due to 
chlorophyll. The plant 
body consists of a sys- 
tem of threads (Jiypli<B) 
which are single rows of 
cells. A mass of hyphm 
is known as a myeelium. 

The mycelium may be 
either a loose, cobwebby 
structure, as in molds 
(Fig. 359); relatively 
hard and firm, as in 
mushrooms (Fig. 381); 
or even woody, as in 
the bracket fungi (Figs. 

382, 383). In no case, 
however, do fungi pro- 
duce true tissues, as the 
plant body of even the 
woody forms is made 
up of interlacing hy- 
phm, and the hyplae 
are always single rows 
of cells. 

Reproduction in the fungi is by means of spores, which may 
be formed either asexually or as a result of sexual fusion. 

Many plants besides the fungi lack chlorophyll and live as 
saprophytes or parasites. Among these are the bacteria. The 
fungi can easily be distinguished from the bacteria by their larger 
, size and more complex structure. Like the algse, and unlike the 


© 



Fig. 355. Sexual reproduction in Nemalion, 
a red alga 

In the first drawing, the long branch at the left 
bears numerous antheridia, whereas the one at 
the right terminates with a special kind of oogo- 
nium known as a carpogonium. Two male cells 
from the antheridia are in contact with the pro- 
jection from the carpogonium. A male cell will 
fusewitli the projection from the carpogonium, 
and its contents will pass into the carpogonium. 
The second and third drawings represent stages 
ill formation of spores from the carpogonium. 

(Redrawn after Bonnet and Thuret) 
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bacteria, they have definite and highly organized nuclei. Many 
flowering plants lack chlorophyll and live as saprophytes or para- 
sites. These can be distinguished from the fungi by their struc- 
ture, as the flowering plants produce true tissues, have flowers, 
and do not reproduce by means of spores. 
Many algae are composed of smgle' rows 
of cells and reproduce by spores, but 
they possess chlorophyll. From the fore- 
going it will be seen that the fungi can 
be distinguished by the following three 
characters : the vegetative body is a my- 
celium, they lack chlorophyll, and they 
reproduce by spores. 

The fungi exhibit a great diversity of 
forms and structures. They are divided 
into three subclasses: the Phycomycetes, 
the Ascomycetes, and the Basidiomycetes. 
There are many fungi whose systematic position is uncertain, 
and these are placed together in a group called PuTiyi 

Subclass Phygomycetes 

This group can be distinguished from other fungi by the fact 
that cross walls are not found in the hyphse except when repro- 
ductive cells are produced. Phycomycetes are divided into two 
orders: Odmyeetes, reproduced sexually by means of oogonia 
and antheridia, and Zygomycetes, reproduced sexually by the 
fusion of two similar filaments. 

Saprolegnia. Structure. The Offmycetes are characterized by 
the fact that sexual reproduction is by the fertilization of eggs. 
In order to get an idea of this order we may consider a typical 
example, the genus Saprolegnia. This genus (Fig. 356) grows 
abundantly in water on decaying animal and vegetable matter, 
and sometimes on living animals. It is frequently very destruc- 
tive to fish eggs and young fishes. The vegetative part of the 
plant consists of a branching system of filaments w'ithout cross 



Fig. 356. Mycelium of 
Saprolegnia on an insect. 
(x2i) 
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walls. Some of these filaments enter the animal on which the 
plant is growing and absorb nutriment, while others radiate out 
in the water and produce reproductive 
structures. 

Reproduction. Saprolegnia reproduces 
asexually by the formation of zoospores 
with two cilia. These are produced in 
zods^oorangia which are formed from the 
ends of club-shaped filaments (Fig. 357). 

The terminal portion of the filament is cut 
off by a cell wall, thus forming a zoosporan- 
gium, and the contents divide and round up 
to form zoospores. These escape through 
an opening at the tip of the sporangium. 

Under favorable circumstances they finally 
grow into new plants. 

Sexual reproduction is by means of 
oogonia and antheridia (Fig. 358). The 
oogonia are rounded structures which con- 
tain eggs and are cut off' from the vege- ‘ 
tative filaments by cross walls. The 
antJieridium is a tubular branch which is 
cut off from the end of a hypha. It grows 
around an oogonium and produces branches 
which enter the oogonium and reach the 
eggs. In some cases a nucleus from an 
antheridium enters an egg and fertilizes it ^ ^ 

Saprolegma shows various degrees of , mature zoosporaugia of 
loss of sexuality. In some cases, as just Saprolegnia. (x 230) 
described, the eggs are fertilized by the 
antheridia. In other cases there are both eggs and antheridia, 
but the antheridia do not fertilize the eggs, the latter develop- 
ing without fertilization. In still other cases no antheridia are 
formed. Some of the Oomycetes, with a method of sexual repro- 
duction similar to that of Saprolegnia., live as parasites in. the 
leaves and stems of flowering plants. 
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' Relationship. It seems very probable that the Oomyeetes have 
been derived from an alga similar to Vmielieria, Some of the 
reasons for this supposition will be apparent if VaueJieria and 
Saproleg^da are compared. The vegetative body is very similar 
ill the two cases, except that Saprolegnia lacks chlorophyll, 
whereas this is present in Vcmcheria, In both cases the plant 
consists of branched, nonseptate filaments, that is, filaments with- 
out septa, or cross walls. 
VcmeJieria is attached to 
the substratum by means 
of a colorless, branched 
filament known as ahold- 
fast. Saprolegnia is at- 
tached in a similar way, 
except that the filaments 
enter the body of the ani- 
mal on which the Sapro- 
legrda is growing. The 
zoosporangium of Sapro- 
legnia has a shape simi- 
lar to that of Vaucheria. 
In Saprolegnia there is 
a zoospore for each nu- 
cleus, and each spore 
has two cilia. The zoospore of VaneJieria a different struc- 
ture, but we have seen that there is reason to believe that it is 
a compound zoospore which can be regarded as formed by the 
fusion of a number of zoospores similar to those of Saprolegnia^ 
as the zoospore of Timc^mVyhas numerous pairs of cilia, each 
of wdiich is opposite a nucleus. The oogonia of the two forms 
are very similar, except that Saprolegnia usually has more than 
one egg, wliile Vaucheria has a single egg. The general form 
of the antheridia of Sa'prolegnia is likewise similar to that of the 
antheridia of Vmiclieria. Vaucheria^ however, procliiees sperms 
which swim through the water, while in Sajyrolegnia fertilization 
is by tubular outgrowths from the antheridia. This difference is 



Fig. 358. Oogonia and antheridia of Sapro- 
legnia. (x 600) 
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not important, as wliat are regarded as the most primitive of the 
Oomyeetes have aiitheridia which produce sperms that swim to 
the oogoiiia, exactly as in the ease of Vaiicliericu From the above 
comparison it will be seen t)iat Vcmiclieria and Sajyrolegnia have 
a great many points of similarity. If a holdfast of VaucJieria^ 
instead of attaching itself to a rock, were to grow into the body 
of an animal and absorb nourishment, and if at the same time 
the plant were to lose its chlorophyll, we should certainly have a 
plant that would be very similar to some of the Oomycetes^ such 
as SayrolegnicL We have already seen in the cases of certain 
flagellates that the same organism may under different condi- 
tions develop chlorophyll and manufacture its own food or lose 
its chlorophyll and live on organic matter. It is therefore not 
hard to believe that some plant similar to Vaueheria changed its 
mode of obtaining food and gave rise to the Oomyeetes, This 
seems all the more likely because a number of different kinds of 
green plants have saprophytic or parasitic relatives. 

Rhizopus nigricans. The members of the order Zygomycetes are 
distinguished from those of the order Oomyeetes by their method 
of sexual reproduction. In the Zygomycetes there are no motile 
cells, and sexual reproduction is due to the conjugation of two 
hyphse. 

Pliizopiis is a typical example of the order Zygomycetes. This 
fungus is the white mold which grows on bread and other sub- 
stances. Its distribution is worldwvide, and it is exceedingly 
common. 

Structure. The vegetative body consists of branching fila- 
ments. Some of these penetrate the substratum and absorb 
nourishment, while others extend into the air and produce re- 
productive bodies (Fig. 359). The vegetative hyphm of Rldzojms 
are like those of Saprolegnia in being and containing 

many nuclei. 

Reproduction. Asexual reproduction is by the formation of 
large numbers of spores in spherical sporangia (Fig. 359). 

Sexual reproduction is due to the conjugation of two similar 
filaments (Fig. 360). This takes place in the following manner: 



riG. ooy. Itkizopm nigricans 

Note the absorbing hyphaj which enter the substratum and tlie agrial 

project upward and bear sporangia. (x65) 


ones which 


m 
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Short filaments, wMcli are branches from .neighboring hyphee of 
different plants, grow toward each other, and the tips come in 
contact. The end of each h 3 ^pha is cut off by a cross wall. This 
is followed by the absorption of the walls separating the two 
terminal cells, which fuse together to 
form a single cell. This grows into a 
rounded cell, surrounds itself with a 
thick cell wall, and thus becomes a resting 
zygospore. When the zygospore ger- 
minates, it bursts the thick wall and 
produces a new plant (Fig. 361). 

Relationship. The Zygomycetes are 
generallj’’ considered as having been 
derived from the Oomycetes, In the 
Oomycetes the antheridia and oogonia 
are very different in size and structure, 
while in RTiizopus the conjugating hyphse 
are similar. This difference is bridged 
to some extent by other members of the 
Zygomycetes^ in which one of the conju- 
gating filaments is much larger than 
the other. 

If we consider the evolutionary tend- 
encies as shown by the Pliy corny cetes^ it 
will be evident that they have taken a Fig. 361 . Germination of 
very different direction from that ob- zygoB^or^oiMncormucechh 
served in many of the alg®. The loss of a mold related to Rldzopus 
chlorophyll by the OdmyceteSy with an Modified after B ref eld 

accompanying change in the method of 

obtaining food so that the plants become saprophytes and para- 
sites, may be regarded as the initial step in a process of degener- 
ation. In the most primitive of the Oomycetes sexual reproduction 
is due to the fertilization of highly developed eggs by motile 
sperms, as is also the case in the green alga Vaueheria, In such 
forms as Saprolegnia the male cells have lost their motility, while 
in such members of the Zygomycetes as RMzopus the fusing cells 
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Pig. 862. Portion of hymenium of an as'comycete, Laclmea (see Fig. .366), 
showing asci in various stages of development and also iiaraphyses. (x 200) 


Fig. 863. Section of cuplike fruit body of Lachnea 
Above is the hymenium composed of asci and paraphyses. (x 23) 

are entirely similar. In tlie evolution of many lines of algm we 
see a progressive change from the fusion of similar gametes to the 
fertilization of eggs by sperms, whereas in the PhycomyoeUs this 
process appears to have been reversed. 
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Fig. 364. VeiUuria inaequalis (the causal organ- 
ism of apple scab) on apple leaf 


^ o/tlie loss 

genus we may find func- 
y7^ tional antberidia, an- 

theridia which do not 
function, or the entire 
absence of antheridia. 

Subclass AscouYCETEi^ 

The Ascomycetes con- 
^ sist of fungi of various 

j/ forms but characterized 

Fig. 364. Fe««.na ma. 7 ««?« (the causal organ- ^7 having^ asoo^pore, 

ism of apple scab) on apple leaf boine in asci. The a^euB 

is a saclike, commonly 
cylindrical structure usually containing eight ascospores (Fig. 

362) , but the number of spores may vary from two to many. 
In a few cases the 

asci are borne sin- 
gly, but in the vast 
majority of species 
they are produced 
in a layer, called 
the hym&nnim^ which 
contains many asci, 

among which are t 

numerous sterile fil- I : • 

aments, the para- 
physes (Figs. 362, 

363) . In some cases 

- . Fig.36o. Edible asconiycetes 

the hymenium oe- 

curs as an outer COV- morel (ilorcMla) in whmh the hymenium 

. covers the upper portion; left, truffle (Tiioer 6rwma/e), 
ering OI tne iruit winch the asci are inclosed within a sterile cover- 
body, while in others ing. (xf) 






Fig. 365. Edible asconiycetes 

Bight, morel (Morchella)^ in which the hymenium 
covers the upper portion ; left, truffle {Tuber brurnale)^ 
in which the asci are inclosed within a sterile cover- 
ing. (xf) 




Fig. 366. lu*uit bodies of Lachnea and Peziza 

Clip-shaped forms such as Peziza and Lachiea (Figs. 363, 366). 
Llaek, ehareoal-like forms are also common (Fig. 367). The edible 
I truffles (Fig. 365) 

S are tuberous Aseo- 

S senses are produeeii 

« plant, considered in 

next pai*agrapli, 

contains a num- 
her of species which 
convert sugar into 
Fig. 367. Xylaria, an ascomycete alcohol. This proc- 

-eft, a whole fruit body (x 1). Center, combined cross 

iction and surface views of a portion of a fruit body COaimercial mailu- 

iowiiigperithecia(xl 2 ). Bight, section of a perithe- facture of alcohol 
unnshowinghymenium; notea.ciinhymenium(x 05) and alcoholic drinks. 
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Saef^haromgces is also used in 
form of yeast cakes. This funj 
to be converted into alcohol 
and carbon dioxide, and it is 
the production of the carbon 
dioxide that is responsible for 



Fig. 368. Parasitic ascomycetes 


Left, Ustilaginoidea virens^ an asco- 
inycete parasitic on rice {Oryza 
satlm) (X i ) ; riglit, ergot (Claviceps 
purpurea)^ an ascoinycete parasitic 
on rye ( x f) . In both cases the black 
bodies are xiroduced by the fungus 


raising bread, being sold in the 
;us causes the sugar in the bread 



Fig. 369. Yeo^st (Saccharomyces), show- 
ing single cell, budding cells, and the 
formation of ascospores in cells, (x 960) 


the formation of holes in the bread. 
Saccharomyces is a single-celled 
plant. It reproduces by bud- 
ding (Fig. 369). In this process 
a protuberance grows from the 
cell and becomes constricted off, 
thus forming a new individual. 
A daughter cell may begin to 
bud before it has been constricted 
from the parent cell, and in this 
way chains or irregular masses of 
cells may be formed. Under cer- 
tain conditions the contents of a 




cell may divide to form four spores 
account of this method of spore formation 
j included in the Ascomycetes, Its relation 
, however, doubtful. 


Fk;, 870. [\)rtion of hyinenium of a miislirooin, sliowing basidia of different 

ages, (x 860) 



Fig. 371, The Ustilag inales, or smuts 


Left, tip of sugar-cane plant infected by smut [UsUlago sacchari) (x ; the 
black whiplike tip is little more than a mass of spores. Itiglit, ear of corn show- 
ing swellings produced by smut {Ustilago zeae) (x j\-) 
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Subclass BAsiniOMYOSTES 

This group is distinguished from other fungi by having spores 
borne on a basidium. A hcmdium is, typically, the swollen end of 

a hypha from which project 
slender filaments (sterig- 
mafa), each terminating in a 
single basidiospore (Fig. 370). 

J Some Baddiomyeetes produce 

I spores, as well ij 

as basidiospores. || 

hke^Th^le of II 

\ the Ascomycetes bl,[, 

tete^mkrg- i? 

^ est and most I';,'; ;!’■ 

Fig. 372. Sporesofasmut(C7ro.^.n-.-) conspicuous of ':.: V 

in tissue of onion leaf the fungi be- k 

long to the sub- v 'hr 

class Basidiomdjcetes* None of them live in water. r.'.lK 
The subclass Basidiomycetes is divided into U 

three sections: the Hemibdsidii^ the ProtohaBidiiy i 

and the PuhaBidvL The Euhasidii more LVtM 

numerous and conspicuous than the other two t 

sections. They are characterized by having non- 
septate basidii. 

EemibasidiL The Eemihasidii compose single Fig. 373. lire- 
order, the mUlaginales, or amw-te (Fig. 371). The diniospore stage 
fungi of this order are parasitic on various plants 
and produce a mycelium inside the host. This ,,^inis) (x'o 
mycelium develops very abundantly in certain 
places, and finally divides into a large number of small cells 
which round up and become cUamydospores (Fig. 372). When 
a chlamydospore germinates, it produces a short filament which 


diniospore stage 
of wheat rust 
(Puccinici gra- 
minis') (x I) 
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bears from one to twelve or more spores. The mycelium is re- 
garded as the basidium, and the spores as basidiospores. These 


Fig. 374. Stages of rusts 

Left, coffee infected with iirediniospore stage of coffee rust {Hemileia mstatrix) 
(X J); right, ®ciospore stage of wheat rust (Puccinia graminis) on barberry- 

leaf (x 1) 


Fig. 375. Leaf infected with feeiospore stage of rust 
Abo've are two pycnia, and below an ^eciuin. (x 105) 

spores, on germination, produce a mycelium winch infects the 
host. The smuts are frequently very destructive to agricultural 
crops. One is very conspicuous on corn, and another on sugar cane. 
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Pig. 376, Urediniospore stage of a rust 


Protobasidii. The most important order of 
the Protobasidii is the Uredinales, or rusts, 

■which are fungi parasitic on various green 
plants, and which produce some very de- 
structive plant diseases (Figs. 378, 374). 

The rusts have five different kinds of spores. 

In some species all of these different forms 
are present, but in others some of them 
are lacking. The life history of those fungi 
which contain all the different kinds is as 
follows: 

.®ciospores. A basidiospore germinates 
and produces a hypha which infects the host 
plant, m which a mycelium is produced. 

Finally the mycelium produces numerous 
leciospores in cup-shaped structures, the secia 
(Figs. 874, 375). The spores are formed in 
numerous rows. Associated with the ajcia 
are flask-shaped structures, the pycnia, in 
which are found large numbers of minute 
pycmspores (Fig. 375). 

The teciospores are capable of germinating at once and pro- 
ducing a mycelium that can infect a susceptible host. In some 


Fig. 377. Teliospore 
stages of rusts 

Left, wheat rust (Pac- 
cinia graminis) ( x J) ; 
on the right, Puccinia 
tJmaitesii on a dicoty- 
ledon (x 1) 
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Fig. 378, Leaf infected with teliospore 
stage of £|^ust. (x 140) 


Fig. 379. Teliosioore (left) and germi- 
nation of teliospore (right) with pro- 
duction of hasidiospofes (somewhat 
diagrammatic), (x 445) 


cases the basidiospores and 
eeciospores infect the same 
species, while in other cases 
they infect entirely differ- 
ent species. 

Urediniospores. The myce- 
lium resultuig from the growth 
of an mciospore produces iire- 
diiiiospores in patches on the 
surface of the host. These 
spores are single-celled struc- 
tures which occur singly at 
the tips of short stalks (Figs. 
37B, 376).. A urediniospore 
is capable of germiriatiiig im- 
mediately and may give rise 
to anotlier mycelium bearing 
urediniospores. 

Teliospores and , basidio- 
spores. After the formation 
of urediniospores has con- 
tinued for some time the 
mycelium may give rise to 
teliospores (Figs. 377, 378). 
The teliospores germinate by 
sending out sliort hyphm from 
each ceil of the spore. At 
the end of each hypha a row 
of four cells is produced, and 
each of these gives rise to a 
single basidiospo3‘e (Fig. 379). 

Life history of rusts. In 
some species of tiie Uredmales 
all the forms of spores men- 
tioned above are present, and 
they occur in the order given. 





Fig. 380. Tremella (left) of the order IVemeUales, and Auriculcma (right) 
of the order Atiriculariales 

The orders Uredinales^ Aimciilariales^ and Tremellales compose the subclass 
Protohasidii. (x 


Fig. 381. Develoinrient of a gill fungus, the deadly amanita (Amcmlta 

phalloides) 

Eedrawn after Longyear 


host or the ?eciospores may be found on one ho>st and the ure- 
diniospores and teliospores on an entirely different host. One of 
the best-known and most destructive of the rusts is the wdieat 



Fig. 383. Side view and section of a 
pore fungus (Fonws pachijphloeus) 

The layers in the lower drawing show 
pores formed during successive sea- 
sons. ( X I) 


Fro. 382. A pore fungus {Fames 
pacliypUoeus) on atree trunk, (x 


Fig. 384. Clavarla 

A hasidiomycete in which the 
hymenium covers the coral-like 
branches, (x |) 


Fig. 385. Puffball (Lycoperdon 
cyathiforme) 

Kedrawn after Farlow. (x 1) 





I 

i 

( 

{ 



Fig. 386. Geaster Imibatus 

The sterile covering splits into two 
parts, one of wliicli surrounds the 
spore mass while the other curves 
back, forming a star-shaped struc- 
ture. (X -1) 



Fig. 388. Geaster liygrometricus. 

Left, XJOsition when moist ; right, po- 
sition when dry. ( x -|) 



Fig. 390. stinkhorn 

fungus 

The ripe spores occur in a sticky mass 
on the cap which is above .the veil. 



Fig. 387. Puffballs w^hich have 
ox3ened at the top. (x l-l) 



Fig. 389. Cijatlius striatus, a bird’s- 
nest fungus 

The spore masses are inclosed in stmlle 
ovoid coverings, (x 1) 



Fig. 391. Ithyplmllus, a stinkhorii 
fungus, (x J) 
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rust QPncmnia gram, mu'). In this species tlie [eciospores are 
found on barberry leaves (Fig. 874), and the urediniuspores aiuji 


Fig. 392. Tliree forms of lichens 

Above, Usnea harhata, a branched epiphytic form ; lower left, Ilaematomma 
puniceion, a crustaceous form ; lower riglit, Cladoniaf areata^ an erect terrestrial 

form, (x 1) 


the teliospores on wheat (Figs. 373, 377). As the basidiospores 
of PuGcinia graminis do not infect wheat but only infect the 
barberry bush, this disease can be very largely controlled by 
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destroying barberry plants. Another very destructive rust is the 
coffee rust (Fig. 374), which has almost entirely destroyed the 
coffee indiistry in a number of countries in the eastern tropics. 

Eubasidii The Eidmsidii contain the largest and most con- 
spicuous of the fungi. The basidia are nonseptate, club-shaped 
striietiires which, typically, 
bear four spores (Fig. 370). 

The Eubasiflii contain two 
groups, the Hymenomyeetes 
and the G-aMeromycete^, In 
the Hymenomycetes tlie ba- 
sidia are borne in a layeiythe 
hymenium, which is naked 
at maturity (Fig. 870). The 
most numerous of the Ilyme- 
nomyeetes are the mushrooms 
(gill fungi) (Fig. 881) and 
the pore fungi (Figs. 882, 

383). In the first case the 
hymenium covers the surface 
of gills, and in the second 
case lines numerous pores. In 
the Gasterojnyeetes the spores 
are inclosed in a sterile cov- 
ering. The group includes 
the puffballs (Figs. 385, 387), 
earthstars (Figs. 386, 388), 
bird’s-nest fungi (Fig. 889), and stinkhorns (Figs. 390, 391). 
The last are evil-smelling fungi which are often strikingly colored 
and have fancy shapes (Figs. 390, 391). When mature the spores 
occur in a sticky mass on the cap of the fruiting body. 

Economic importance of fungi. Fungi are harmful in the 
following ways: 

1. Tliey cause gicat economic loss by producing plant diseases. 

2. Tliey cause diseases of animals, including man. Many skin 
diseases of man are due to fungi. 
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3. They dest.roy food, clothingj timber, and other useful materials. 

4. Some fungi are poisonous and when eaten cause serious illness 

or even death. 


Fungi are useful to 
man in the following 
ways : 

1. Certain fungi, par- 
ticularlymushrooms, are 
used for food. In some 
countries the raising of 
mushrooms is an indus- 
try of considerable im- 
portance. The flavors 
of many fine cheeses 
are due to the growth 
of fungi. 



fungi are 


2. Some 

used as medicine, one, 
ergot (Claviceps pur- 
p)urea) (Fig. 368), being 
official in all pharmaco- 
poeias. 

3. All commercial al- 
cohol is produced by the 
yeast fungi. 

4. The raising of 
bread by yeast is due 
to the yeast fungus. 

5. Certain fungi kill 

insects which are harmful to man. One fungus attacks the common 
house fly and is one of the few natural agents which reduce their 
number. 

6. Fungi are useful by causing the decay of plant and animal 
remains. If it were not for the destruction of dead plants and ani- 
mals by fungi and other organisms the remains of plants and animals 
would form a thick covering over the earth. By the decay of plants 
and animals the food material in them is rendered available to green 
plants. 


Pig. 394. Cross section of a lichen thallus 

The dark oval bodies near the upper portion of 
the thallus are al^-al cells 


Fig. 395. Cross section through a whole lichen fruit body and portion of 
adjoining thalius 

Note the algal cells showing as dark spots.in the upper part of the thalius; note 
also the hyinenium lining the cup. (x40) 



Fig. 896. Cross section of a portion of the hymenium of a lichen fruit 

body, showing asci and paraphyses. ( X 320) 
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CLASS LICHENS 

Lichens are thallus plants (Figs. 392, 393) the bodies of which 
are composed of mterlacing fungus hyph^e, among which are found 
algal cells on which the fungus is parasitic (Fig. 394). Most lichens 
are greenish gray, the color beuig the result of a combination of 
the colors of the two components. In one genus of the lichens 
the fungus is a basidiomycete, while in the other genera the fungi 
are ascomycetes (Bhgs. 395, 396). The alga may be either Ohloro- 
pliyoeae or Cycmophyceae. The combination of fungus and alga 
is able to live in places, such as bare rocks, where neither of the 
constituents could survive alone. The habitat of lichens varies 
gi’eatly. They may grow on rocks, or as epiphytes on branches 
or leaves, or on the ground. One of the lichens, the so-called 
reindeer moss, is abundant in northern latitudes and serves as 
food for reindeer and caribou. 


CHAPTER XI 


DIVISION BRYOPHYTA 

The bryopliytes are composed of two classes of plants, 
t\m Hepaticae (liverworts) and Mmei (true mosses). The 
bryopliytes are small plants most of which grow in moist places, 
although some live in dry habitats and will revive after being 
dried. Bryopliytes do not 
have roots but are anchored 
to the substratum by hair- 
like rhizoids. The mosses 
are differentiated into a cen- 
tral axis, or stem, and small, 
spirally arranged leaves (Fig. 

418). Some of the liverworts 
are thallus plants (Fig. 397), 
while others have stems and 
delicate leaves (Fig. 413). 

In those with stems and 
leaves there are two dorsal 
rows of leaves arranged along 
the sides of the stem, and 
usually a third, small row on 
the ventral surface. The 
leaves of most mosses have 
a midrib, while such a structure is not found in any of the 
liverworts. The female reproductive organ of the bryopliytes 
is an areliecjonium (Fig. 399). This is a flask-shaped structure 
which, when mature, contains a single egg. Sperniatozoids are 
borne in large numbers in antheridia (Fig. 400) . The development 
of the fertilized egg results in the production of a %poTopliyU^ 
which, in most cases, consists of a sporangium, or capsule, a stalk, 
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Fig. 397. Thallus of Tticcia 

The dark rounded bodies are mature sporo- 
phytes which are embedded in the thallus, 
while the lighter bodies are immature 
sporophytes. ( x 2) 
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and an absorbing organ, or foot, which absorbs material from the 
parent plant (Fig. 410). In a few species of simple liverworts the 
sporophyte is a sporangium without stalk or foot (Figs. 401, 402), 



Fig. 398. Section of a portion of the thallus of Eiccia 

In the center is an iiniiiatnre archegoniiim ; the enlarged venter contains a large 
egg and above this a ventral-canal cell ; in the neck there are four neck-canal 

cells, (x 190) 

CLASS HEPATICAE 

Gametophyte. Most of the Hepaticae live on the land in 
moist places, while a few grow in water. Some of them are 
found on the ground and others on the trunks or leaves of 
other plants. 
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The conspicuous stage in tlieTife history is known as-, the 
gcmietopliyte (Fig, 897), because it produces gametes. These are 
of two kinds, eggs and spermatozoids. The eggs are borne in 
flask-shaped oogonia, called archegonia (Fig. 898). An arche- 
goiiium of a liverwort is a flask -shaped structure, the wall of 




Fig. 400. Antheridiixm (x 160) and 
a single spermatozoid of Riccia 

The antheridium consists of a stalk, 
a covering of sterile cells, and many 
sperm cells 

which is composed of a single 
layer of cells. The lower part 
of the archegoniuni is enlarged 
and contains a single large cell 
which, shortly before the arche- 
gonium matures, divides into 
two cells, the lower of which 
is a large egg, while the upper is smaller and is known as the 


Fig. 399. Mature archegoniuni of 
Riccia 

The neck-canal cells and ventral-canal 
cell have become disorganized, (x 240) 


ventml-Civnal cell (Fig. 898). The upper portion of the arche- 
goniuin is elongated into a narrow structure called the nech, 
\\ ithiu the neck is a row of nech-camU cells (Fig. 398). When 
the archegonium matures, the ventral-canal cell and neck-canal 
cells become disorganized and the top of the neck opens to dis- 
charge the remains of the canal cells (Fig. 399), after which the 
sperm can swim through the neck to the egg cell. The anther- 
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idium of a liverwoi^t is usually somewhat oral aud coiisivsts of an 
inner portion, composed of numerous sperm ceils, surrounded by 
a single layer of sterile cells (Fig. 400). Each of the sperm cells 

produces a single ciliated 
spermatozoicl (Fig. 400). 

Fertilization takes place 
by the swimming of a 
spermatozoid to the egg in 
the archegonium and the 
fusion of the spermatozoid 
with the egg. Owing to 
the fact that the spermato- 
zoids have no other means 
of reaching the archegonia 
than by swimming through 
water, it is evident that 
water is necessary for the 
accomplishment of ferti- 
lization. This indicates 
that the Hepaticae are 
descended from an algal 
ancestor, which lived in 
water and in which ferti- 
archegoniumliavedivided, so that this part of lization W^as also accom- 
the arohesoninm consists of two layers of cells, piig^ed by means of motile 
At this Stage the sporophyte consists of a con- ^ , 

siderable number of inegaspore mother cells ypormatOZOlClS. 
surrounded by a single layer of sterile cells. SpOrophyte. The ferti- 
Tlie nuclei and protoplasm are shown in the li20(J ecrcr of the Hevatieae 
sporophyte and not in the tissue of the game- . ^7 • t i 

tophyte. (X140) germinates ■ immediately 

within the archegonium, 
but, instead of giving rise to a thallus, produces a structure in 
which spores are formed (Fig. 401). This spore-bearing struc- 
ture is known as a sporophyte. The spores, on germination, 
produce a gametophyte. The sporophyte, in its simplest form, 
consists of a single sporangium (Figs. 401, 402), while in 
most of the Hepaticae it is a sporangium with a stalk and 


Fig. 401. Immature sporophyte of lliccia 
within the archegonium 

The cells of the basal portion, or venter, of the 
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an absorbing organ, . the foot, wliicli attaches the sporophyte 
to the gametophyte (Fig. 410).' 

Alternation of generations. The gametophyte that bears eggs 
and sperms is followed by a sporophyte that produces spores, 
and this in turn by a gametophyte. There is, therefore, an 
alternation between a gametophyte, that bears eggs and sperms, 
and a sporophyte, that produces spores. This alternation of 



Pro. 402. Section of thalhis of Riccia^ showing mature sporophyte 

The spuropliy te, or sporangium, at this stage consists of a mass of spores, the sterile 
covering having disappeared. The spores lie free in the venter of the archego- 
niuin, the inner layer of cells of which has practically disappeared, (x 80) 

gainetophytes and sporophytes is known as the alternation of 
generations or the alternation of gametophytic and sporophytic 
generations (Bhg. 438). 

As a result of the fusion of the nuclei of the egg and sper- 
matozoid. the fertilized egg has twice as many chromosomes as 
either the egg or the spermatozoid. In other words, the egg 
or the. spermatozoid has an x number of chromosomes, while 
the iertilized egg has number. The or double, number 
persists in tlie sporophyte until spore mother cells are formed. 
Each spore mother cell, by two successive divisions, gives rise 
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Fig. 403. Portion of a thallus of Marchan- 
tia bearing two gemma cups within which 
are many geniinse 

Marchantia reproduces asexually by the for- 
mation of lenticular gemmae in gemma cups. 
These gemnue produce new plants (Fig. 404). 
The lines dividing the thallus into polygonal 
areas mark the boundaries of air chambers, 
while the black dots represent the stomata- 
like openings into the chambers, (x 6) 


to four spores, and in the 
first of . these two divi- 
sions the number of chro- 
mosomes is reduced. Thus 
each spore has a single 
number of chromosomes. 
These give rise to ganieto- 
phytes with a single num- 
ber of chromosomes, and 
the double number is again 
restored when the egg is 
fertilized by a spermato- 
zoid. The gametophyte is 
thus characterized by a 
single number of chromo- 
somes and the sporophyte 
by a double number. The 
alternation of generations 
is therefore not only an 


alternation of a gameto- 
phytic and a sporophytic generation but also an alternation of 
a generation with a single and a generation with a double 
number of chromosomes. 

Orders of the Hepaticae, The Hepat- 
icae^ or liverworts, contain four orders : 
the Rteeiales, the Marchantiales^ the Jun- 
germannialeB^ and the Antliocerotales. 


OUDEU Bicciales 

The genus liiccia may be taken as 
an example of this order. The game- 
tophyte is a dichotomously branching 
thallus (F ig. 39 7). Dichotomous branch- 
ing is a system of branching in which 


Fig. 404. Gemma of Mar- 
chantia after the rupture of 
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twO' equally developed 
parts. The archegoiiia 
(Fig. 399) and the 
antheridia (Fig. 400) 
are borne in a groove 
which extends longi- 
tiiclinally through the 
center of the upper 
part of the thallus 
(Figs. 397, 398). The 
fertilized egg develops 
inside of the arche- 
gonium. It gives rise 
to a single rounded 
sporangium without a 
stalk (Fig. 401). This 
sporangium consists 
of an outer layer of 
sterile cells and nu- 
merous spoiets. Ihe spoiangium Avail is an evanescent structure 
■which almost entirely disappears before the spores are mature, 



Fig. 405. 


Section of a portion of a thallus of 
Marcliantia 

Below, colorless tissue ; above, air chambers with 
pliotosynthetic cells. Note the stomalike open- 
ing into the central chamber and the large cells 
which form the side walls of the chambers. ( x 200) 



Fig. 406. Marcliantia 

Left, female plant with specialized branches which bear archegonia on their un- 
der surfaces ; iiglit, male plant with specialized branches which bear antheridia 
sunken in the upper surface, (x 1 J) 




Lig. 40/, Section through an antheridial branch of Marcliantia, showing 
air chain) >ers, and also ovoid antheridia containing many sperm cells. (xOO) 

SO that the mature spores lie free in the cavity of the enlarged 
archegoniiim (Fig, 402). The mature sporangium is therefore 

nothing more than a mass 
spores (Fig. 402), The 
sporophyte of the Bicciales 
simplest one found 
in the bryophytes. When 
\\ ^ spore germinates, it pro 

duces a thallus bearing ar- 

Ay VJ chegonia and antheridia. 


Fig. 408. Young sporophyte of Marchantia 
inclosed \Yithin an archegoniiim 

'Phe tip of the arcliegonium is disorganizing. 
(X 135) 


Order Maeciiantiales 

The thallus of this order 
is much more complicated 
(Figs. 403~405) than that 
of the Rieeiales. In the 
genus Marchantia^ which 
may be taken as an ex- 
ample, the antheridia and 
the archegonia are borne 
on separate plants on spe- 
cial, upright, umbrella-like 
branches. The archegonia 
(Fig. 409) are found on 
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the lower surfaces of special branches which grow on female 
plants (Fig. 406), while the, antheridia (Fig. 407) .are sunk in 
the upper part of somewhat similar branches on male plants 



Fig. 400. Archegoniiim tfie archegonium. The upper limit of the foot is 
oi ?ilarchantia, ( X 175) shown as a dark line, (x 85) 


(Fig. 406). The antheridia and archegonia (Fig. 409) are very 
similar to tliose oi iliQ Riceiales. The fertilized egg germinates 
within the archegonium (Fig. 408) and develops into a sporo- 
ph/te (Figs. 410, 411). This consists of a rounded sjwrangium^ 
an elongated and an absorbing structure, the foot, which 




Fig. 411. Vertical branch of fe- 
male tiiallus of Marcliantia mth 
many sporophytes. (x 2^) 


Fig. 412. Tlialliis of Pellia (one of the 
Jungermanniales) with unopened and 
opened sporophyte. ( x 2) • 


Fig. 413. Leafy liverworts 

In the drawing at the left each leaf consists 
of a large and a small lobe ; on the left side 
there is a sporoidiyte which has elongated 
out of the perianth and has opened ; above 
this sporophyte is another which is still 
inclosed within the perianth (x 4). In the 
drawing at the right, each leaf consists of a 
large and a small lobe (x 1) 


Fig. 414. Longitudinal section 
through sporophyte of Ptilidium, 
one of the Jungej'manniales 

The sporophyte consists of a spo- 
rangium, stalk, and foot, (x 20) 


\i 
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is embecklecl in tlie tissue of the special upright branch of the 
thalliis. When a spore germinates, it- gives rise to a thallus 
producing archegonia and antheridia. 

The Marcltmtkiles are generally considered to be closely related 
to the Rieciales. The ganietophytes of this order are the most 
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highly specialized among the H'ejMtieae and are very different 
from those found in any other group of plants. From this it 
would appear that the Marchantiales represent a special line of 
evolution in which there has been a considerable development of 


of the members of this order have a simple thallus 
;^l^'ig. 412), but in most cases the thallus is differentiated into 
and leaves (Fig. 413). The stems do not show a dif- 
ferentiation of tissues and have no specialized conducting cells, 
leaf consists of a single layer of cells without a midrib. The 


Fig. 416. A group of antheridia of 
A ntliocaros 

Each antheridium consists of a stalk, a 
covering of sterile cells, and many sperm 
cells. (X 216) 


Fig. 415. Thallus of Anthoceros 
with six young unopened sporo- 
aiid two long sporophytes 
which have split and show the 
coluinellae in the center, (x IJ) 



Fig. 417. Antlioceros 

Left, section through sporangium and surrounding portion of thallus (x 31). 
Tlie lower part of the sporophyte is a foot, above this is a meristematic region, 
and still higher up are progressively older stages in the formation of spores. 
Note the sterile columella in the center and the sterile tissue surrounding the 
spore-bearing portion. In the drawing the sporogenous tissue is darker than 
the stei'ile tissue. Right; upper drawing, cross section of sporangium showing 
columella in the center surrounded by sporogenous region ; the lower drawings 
show successive stages in spore formation as seen in longitudinal section (x 105) 
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arcliegonia and tlie antlieridia are similiar to those of the two 
previous orders. The fertilized eggs develop into a sporophyte 
(Fig. 414) similar to that of the 3IareJicmtmles in that it con- 
sists of a sporangium, a foot, and a stalk. 

Tlie sporophyte of the Jungermamiiales is more complex than 
that pf the llieeiales, but the simplest thalli found among the 
Hepaticae occur in some of the 
thalliis members of this order. 

Oedeu A^^^teocerotales 

The thalhis of the Antho- 
cerotales is simple, but the 
sporophyte is more compli- 
cated than that of any other 
order. Anthoeeros (Fig. 415) 
may be taken as an example. 

In this genus the sporophyte 
(Fig. 417) consists of a basal 
absorbing organ, the foot, 
and a terminal club-shaped 
sporangium. Near the base 
there is a meristematic region, 
the activity of which causes 
the sporangium to increase 
in length. The outer part of 
the sporangium consists, of 
sterile cells, and in the center there is a column of sterile 
cells, the columella. The spores are formed between these 
two sterile regions. As the spores in the tip of the spo- 
rangium reach maturity the upper part of the sporangium 
splits and the spores are liberated (Fig. 415), As more spores 
mature the sporangium continues to split. In this way the 
sporangium is continually liberating spores, while new spores 
are being produced as the result of the activity of the basal 
meristem. ■ . 



Fig. 418. Gametophyte of a moss, show- 
ing a group of antlieridia and arch ego- 
nia at the tip. (x 7) 
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While the thalli of the Anthocerotales are simple, the sporo- 
phytes are the most complex found in the llepatieae. They 
resemble the sporophytes of the Musci^ and 
also those of the Pteridophyta and Spennato- 
phyta^ in having stomata and assimilating tissue 
with chlorophyll. Owing to the presence of 
chlorophyll the sporo- 
phyte is only partially 
dependent on the game- 
tophyte. If the foot of 
the sporophyte of Antlio- 
eeros were developed into 
a root, the sporophyte 
would be an independent 
plant. 

CLASS MUSCI 

Life history. The mosses 
are a large group of small 
plants which, like the 
liverworts, are charac- 
terized by an alternation 
of a gametophyte and a 
sporophyte. 

The gametophyte is a 
leafy plant (Fig. 41 8). In 
most cases the stem con- 
tains conducting tissue 
and the leaf a midrib. 

The gametophytes bear 
archegonia (Fig. 419) 
and antheridia (Fig. 420)^ which Sfey be 
on the same or on different plants. They 
occur in groups at the tips of the stems (Figs. 418, 421), 
The fertilized egg develops and produces a sporophyte 
(Fig. 422), which usually, like those of most liverworts, consists 
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of foot a daBc, and Bj^ormiginm. Tlie last is a complicated 
striietiire, ireqiieiitlj spoken of as the moss capsule. It resem- 
bles the sporopliyte of the AntJiocerotalm in having assimilating 



The archegoniurn on the left has not yet 0}>enecl ; the one in the center is shown 

in section, (x 80 ) 

tissue containing chlorophyll and in possessing stomata of the 
type which is found in the Pterklopliyta and Spermatopliyta, 
Relationship. The mosses are closely related to the liver- 
worts and appear to have been derived from them. While the 
sporophytes of the mosses and the Antlioeerotales are very dif- 
ferent in structure, there are similarities which indicate that 
mosses are more closely related to the Antliocerotales than to 
any of the other liverworts. 
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Fig. 422. (iametophjte and 
si:)oro])iiyte of a moss 

Left, a moss gametophyte bear- 
ing a sporopliyte ; note that the 
sporangium, or capsule, is cov- 
ered by a hood, or calyptra, 
which was originally a part of 
the arcliegonium wall (x If). 
Upper right, a capsule with 
calyptra removed ; the upper 
portion is differentiated into a 
lid, or operculum. Below this 
figure is shown a capsule with the 
um removed; note the 
frinsre of tootlilike annendacres 


Mosses are much more iiuineroiis 
than liverworts, both in species and 
in individuals, but they are much 
more uniform in structure. 

Peat mosses. Mosses are a promi- 
nent constituent of peat bogs. These 
occur in depressions containing fairly 
still water. The mosses grow in from 
the sides and form a floating mass. As 
the mosses and other plants associated 
with them continue to grow upnvard 
the lower layers are forced downward, 
and dead plant remains, known as 
accumulate under the living cover. 
In the course of time the depression is 
filled, but the mosses, owing to their 
ability to absorb and hold large quan- 
tities of water, may continue to grow 
until the bog is raised considerably 
above its original level and even above 
the level of the surrounding area. 
The lower layers of plant remains 
become compressed and partially car- 
bonized, forming peat. The layers of 
peat are cut into blocks and used as 
fuel. The peat is sometimes treated 
so as to improve its value as a fuel. 

Coal was formed by a process some- 
what similar to that which gives rise 
to peat. The plants were different 
and their remains accumulated not in 
bogs but as muck in the swamps or 
open waters of past ages. 

Sphagnum, the chief peat moss, is 
used extensively for packing plants 
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CHAPTEE XII 

BI¥ISIOH PTERIDOPHYTA (FERNS AND FERN ALLIES) 

The pteridopliytes are characterized by the alternation of two 
distinct kinds of plants: a gametopliyte^ ov protliallus^ which is a 
small thalkis bearing archegonia or antheridia, or both (Fig. 482); 



Fig. 42^^. A group of large tree ferns {Cyathea) in a mountain forest in 
the Philippines 

and a sponyphyte, which develops from the fertilized egg of a 
gametophyte and is differentiated into stems, roots, and leaves, 
and bears sporangia containing spores (Figs. 428, 424). On 
germination these spores give rise to the thallus gametophyte, 
or prothalliis. 






Fig. 424. Sporophjte of Pteris lonrpfolia ( x Jg-) 

On the left is the tip of a young leaf which is unrolling (x 1); on the right, 
the under surface of a fertile pinna, showing sporangia aggregated near the 

sides ( X 2) 



Fig. 425. Section of a concentric vascular bundle of a fern (DaimUia solida) 
Note that the xylem is surrounded by the phloem, (x 110) 
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The PtAiridophyt.a are divided into tliree classes : Filieineae 
(ferns), Effiisetineae (horsetails), and Lycofodineae (club 
mosses). 

CLASS FILICINEAB (FERN'S) : 

Sporophyte. The sporophyte of ferns (Fig. 423) varies greatly 
ill size, ranging from small mosslike species to the tall tree ferns. 



Fig. 426. Cross section of a fern stern (Gleicherda) showing protostele 

Note tiiat the stele is solid and Is concentric, that is, the xylem is surrounded 
by the phloem. Outside the stele is the cortex, (x 50) 

Tlie structure and appearance also vary greatly in different cases. 
41 le sporophyte of typical ferns has a fair-sized stem, leaves 
(Fig. 424), and riiiTnerons roots. 

The characteristie type of vascular bundle in the sterns of finiis 
is coneentric (Fig. 425), the xylem being surrounded by [)liio(h!i. 
The most primitive type of stele is ‘protmtele (Fig. 4211), or 
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solid stele, in wliicli there is no pith within the vascular sys- 
tem. A more advanced type is the si])ho7iostele (Fig. 427), in 
which the vascular system is in the form of a cylinder that in- 
closes a central pith. Where a bundle tliat supplies a leaf leaves 



Fig. 427. Section of a stem of a maidenhair fern {AdUxnlmn)^ showing a 

siphonostele 

Note that there is a central pith composed largely of thich-walled sclereiichyma 
cells, and that outside the stele is a wdde cortex. The xylein is bordered on 
both sides by idiloem. (x3o) 

the siphonostele, an opening, or leaf f/ap (Fig. 428), occurs in 
the cylinder above the place of origin of the leaf hundle. Wlieri 
these gaps are greatly elongated and extend through several 
nodes, the eylinder consists of a coarse mesh, and in cross see- 
tion the stele appears to be composed of a number of separate 
bundles (Fig. 429). Such a type of stele is merely a modilieation 






Fig. 430. Sporangia of a fern {Pteris longifolia) 

Left, entire sporangium ; center, sporangium opened by the bending back of 
tile annulus (the row of thick-walled cells) ; right, the annulus has returned to its 
original position, which movement resulted in the scattering of the spores. ( x 86) 

phloem has disappeared and in 
which there has been a massive 
development of secondary xylem* 
The sporangia of ferns are usu- 
ally borne on the lower surfaces 
of the leaves (Fig. 424) and are 
aggregated in definite areas, the 
Bori In each sporangium there are 
many spores (Fig. 430). When a 
spore germinates, it produces a 
small green thallus, the gameto- 
phyte (Figs, 431, 432). 

Gametophyte. The gameto- 
phyte of the ferns is known as 
the prothaUuB (Fig, 432). It is 
typically a delicate, thin, ex- 
panded thallus which is attached 
to the ground by means of numerous rhizoids. The latter 
are slender filaments which absorb water and mineral matter 
just as do the root hairs of flowering plants. The typical pro- 
thallus is an independent plant which manufactures its food 



Fig. 431. Germination of fern 
spore and early stages in growth 
of protlialli 
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by means of its cliloroplastids and absorbs water tlirougli its 
rliizoidsv Usually a protliallus bears both archegonia and an- 
tlieridia (Fig. 432), but in some cases the aiitheridia and arche- 
goiiia are borne on different prothalli. The antlieridia (Figs. 432, 
433) are spherical and contain numerous spermatozoids. The 



Fig. 432. Lower surface of prothalliis, or gametoj^hyte, of a fern 

Near the base of the prothallus are numerous rhizoids ; in the center are rounded 
aiitheridia containing spermatozoids; near the apex are archegonia which point 

toward the base 

spermatozoid (Fig. 433) is a spiral structure, toward one end 
of which are numerous cilia wdiich enable it to swim through 
water. As in the Brj/ales^ an areJiegonimn is a flask-shaped struc- 
[ ture. In the enlarged basal portion, or venter, there is a large 

egg (Fig. 434), and exterior to this a smaller cell, the ventral- 
canal cell. In the neck of typical ferns there are two neck-canal 
cells* When the archegonium matures, the ventral-canal cell and 




F iG. 433. Aiitheridmm of a fern 

Left, an antheridiiim on the side of a prothallus of a fern; note the coiled 
spermatozoids within the antheridinm (x 845). Right, a single spermatozoid of a 
fern. (Spermatozoid redrawn after yamanouchi) 



Fig. 434. Archegonia of a fern 

Left, the enlarged base, or venter, contains an egg and exterior to this is tlie 
ventral-canal ceil, while in the neck are two neck-canal cells ; right, the ventral- 
canal cell and neck-canal cells have begun to disorganize. ( x 185) 
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Fig. 435. Arcliegonia of a fern 

Left, tlie neck-canal cellK and ventral-canal cell are disorganized, but the arclie- 
gonium has not opened ; riglit, arcliegoniuin open. (Redrawn after Strasbiirger) 



Fig. 43f). Prothalhis of a fern with young sporophyte attached 
Left, as sei‘n from above ; right, as seen from below, (x 31) 

neek-caniil cells Ijecome disovganizecl (Figs. 434, 435) and tlie tip 
(if the arehegduium opens (l'’ig. 485), so that there is a jiassage 
tlirong'h wliicli the spio'in can reach the egg. ihe rouinhsl hasal 
nart of the archea'onium is sunk within the prijthallus, whiF 
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the neck projects from the surface of the prothallus. I ertiliza- 
tion takes place when a spermatozoid swims from an anther- 
idium, enters an archegonium (Fig. 437), and fuses with the egg 



Above, spermatozoids are eBteriiig neck of archegonium ; lower left, vertical sec- 
tion through venter, showing a single spermatozoid in the nucleus of the egg ; 
low’^er right, horizontal section through venter, showing a later stage in the union 
of spermatozoid and egg nucleus. (Xiedrawn after Shaw) 

(Fig, 437), As in the case of the Bryales^ water is necessary to 
accomplish fertilization, because the spermatozoid has no way of 
reaching the archegonium except by swimming. 




Fro. 4^39. Cross section of a fern leaf, (x 240) 



Fig. 440. Equisetum arvense 

sporophyte with fertile branch (at the riglit) and two youn.i( sterile branches 
(at the left) (x 1 ) ; center, shield-shaped sporophyll with sporangia (x 10) ; right, 
sterile branch (x 4) 
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Development of sporophyte. The fertilized egg develops at ^ 
oiiee into a sporopliyte (Fig. 436). During the early stages 
of its growth tlie sporophyte is dependent on the prothalhis 
for nourishment. The fertilized egg di- 
vides into four segments, one of which 
develops into a foot, which absorbs 
nourishment from the prothallus. The 
young embryo, how- 
ever, soon produces 
a stem, roots, and 
leaves, and thus be- 
comes independent 
of the gametophyte. 

After such develop- 
ment has occurred, 
the gametophyte 
dies and the sporo- 
pliyte continues to 
live independently. 

Thus, in a typical 
fern (Fig. 438) the 
sporophyte and the 
gametophyte are in- 
dependent plants. 

Alternation of generations. Ab in the Bry- 
ophyta^ the cells of the gametophyte contain 
an X. or single, number of chromosomes, and 
those of the sporopliyte a or double, num- 
l:)er. Again, as in the Bryopliyta, the spores 
are formed in tetrads (groups of four) by two 
sn(H*essive divisions of each spore mother cell. The reduction in 
the number of chromosomes occurs in the first of these two divi- 
sitms. T1 u‘ d< >iible number is restored when an egg is fertilized by a 
spermat( izoid. 11 leref ore the ferns resemble the bryophytes in hav- 
ing an alternation of generations, consisting of a gametophyte with 
an X number of chromosomes and a sporophyte with a 2 x number. 


F I < } . 44 1 . Ti p of a 1 )r an c 1 1 
of Efpilsctfun hiemale eiul- 
iiig in a .stroFilu^,. (x 1) 


Fio. 442. Lycopodlinn 
re/lexiini, with s|)orO“ 
phylis scattered over 
the stem, (x i) 



Fig. 443. Portions of sporophytes of Lycopodium sporopliylls aggre- 
gated into terminal strobili 

Above, a terrestrial tropical species (Lycopodium cermiim) (x ; lower left, an 
epiphytic tropical species (Lycopodium phkgmaria) (x J) ; lower right, a terres- 
trial species {Lycopodium clamtum) found in the temperate zone and on tropical 

mountains (x ■}) 
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RelationsMp of ferns* In possessing an alternation of sporo- 
pliyte and garnetopliyte generations the ferns resemble the liver- 
worts very closely. Moreover, the thallus of a fern is very similar 
to that of some of the simple liverworts. 
The greatest difference between the liver- 
worts and the ferns lies in the develop- 
ment of the sporophytes. In some of the 
simple liverworts the sporophyte consists 
of only a single sporangium without a 
stalk, while in the majority it lacks chloro- 
phyll and is composed of a sporangium, 
a stalk, and an absorbing organ, the foot. 
In both of these cases the sporophyte is 
entirely dependent on the garnetopliyte 
for nourishment. In the highest order of 
the liverworts, the Anthocerotales^ the spo- 
rophyte is more complex. In Antlioeeros 
it has stomata of the type found in higher 
upper surface near the phmts and a considerable development of 
base, (x 5) assimilating tissue containing chloroplas- 

tids. It thus manufactures food instead 
of being entirely dependent on the garnetopliyte, as in the simple 
liverworts. In the ferns the sporophyte is much more highly 
specialized than in any 
of the liverworts. In 
the first stages of its 
growth the sporophyte 
of a fern develops a foot 
and is dependent on the 
gametophyte for nour- 
ishment; but it soon Fjg. 445. Cross section of a leaf of 
produces a stem, roots, (x 105) 

and leaves and becomes 

indeiiendent. In all the liverworts the gametophyte is the domi- 
nant stage in the life history. In the ferns the sporophyte, and 
not the garnet ojihyte, is the dominant stage. 




Fig. 444. A single spo- 
rophyll of Ljjcopodiuin, 
witli sporaiigiimi on tlui 
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A relatioiisliip between the liverworts and ferns is indicated 
by the facts that in both the groups there is an alternation of a 
gainetophyte and a sporophyte generation and that the ganieto- 
phytes are very similar in both cases. 

CLASS EQUISETINEAE (HORSETAILS) 

This is a small class of plants containing the single genus 
Equisetim. Ecp.,hetum, like all other pteridophytes, shows an 



Fio. 44:6. Cross section of a stem of Lycopodium showing radial 

protostele in ■which phloem occurs between the strands of xyleni 
Note the selerenchyma cells near the outer part of the cortex, (x 45) 

alternation of a sporophytic and a gametophytic generation. The 
gainetophyte is a simple thallus bearing archegonia or antheridia. 
The sporophyte consists of an underground rhizome (Fig. 440) 
which produces hollow, erect, aerial stalks. The leaves are 
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scalelike and borne in whorls (Figs. 440, 441). The sporangia are 
found on specialized leaves (sporophylls) which occur in terminal 
strobili, — conelike aggregations of sporophylls (Figs. 440, 441). 
This class of plants is uiiirnportant in our present flora, but in past 
geologic ages it was represented by numerous large trees. These 
were iinportant constituents of the forests of the Carboniferous 
period. 

CLASS LYCOPODINEAE (CLUB MOSSES) 

The most iinportant orders of the Lycoiiodineae the Lyeo- 
podiales and tlie Selaginellales* The class Lycopodineae is an 
uiiimportant constitu- 
ent of our presen t flora, 
but, like the JEquiseti- 
neae^ was represented in 
the Carboniferous A ge 
by large trees which 
were prominent con- 
stituents of the forests. 

OUDEE LYCOPODIALES 

Lycopodium. The 
genus Lyeopodium is 
by far the commonest 
and most widespread 
in this order. In all 
the species the sporo- 
phyte is a small plant, 
the stems of which are more or less thickly covered with small, 
pointed leaves (Figs. 442, 443). The sporangia are borne singly 
on the upper surface near the base of a leaf (Fig. 444). The 
spiwopJrylls (leaves with sporangia) may resemble the ordinary 
leaves and be scattered over the stem (Fig. 442), or they may 
be somewliat different in shape and be aggregated in termina] 
strobili (Fig. 443). The gametophyte is a small thallus. 



Fig. 447. Portion of a plant of Selagineila with 
sporophylls aggregated in term inal strobili . ( x 1 ) 


f 


400 ' A TEXTBOOK OF GENERAL BOTiiNY 

Obder Selaginellales 

Selaginella. This genus is the only representative of the order 
Selaginellales, The sporophyte is a small, fernlike plant with 
small, scalelike leaves (Fig. 447). Some of the species are cul- 
tivated for ornamental purposes. The sporangia are borne singly 

on the upper surface 
I near the base of the 

1 sporophylls. In some 

M i species the sporophylls 

/ ; A /; \ are similar to ordinary 

/ • ^ \ / :j |\ leaves, but in most cases 

sporangia 'are oi 
two kinds (Fig. 448), 

© rnicrosporangia and meg- 

a§pora7igia, and the 
sporophylls which bear 
0 them are called, respec- 

tively, microsporophylls 
md megaspo^'ophglls, A 
microsporangium con- 
Fig. 448. Sporangia and spores of Selaginella tains numerous small 
Ur»per left, megasporophyll witli megasporaiigium Spores, 7n{crosporeSjWhilQ 
containing four megaspores (x 15) ; upper right, each megasporangiuill 

miorosporophyli (x 15) ; low left, megaspore contains four large 
(x 75) ; lower right, microspore (x 75) p, ^ 

spores, The 

microspores give rise to male prothalli, and the megaspores to 
female prothalli. The male prothallus develops within the spore 
wall and consists of a single prothallial cell and an antheiidium 
(Fig. 449). The female prothallus also begins to develop within 
the spore walk As the prothallus continues to develop, the 
spore wall is burst and the apex of the prothallus with the arche- 
gonia is exposed (Fig. 449). The egg is fertilized by a motile 
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spermatozoid, and the fertilized egg develops into a sporophyte, 
as in other pteridophytes. In some cases archegonia may be pro- 
duced, the eggs may be fertilized, and sporophytes may begin to 
develop before the spores are shed. 

Specialization of sporangia. The sporangia of Selaginella show 
greater specialization than do those of typical ferns in that they 




Fig. 449. Gametophytes of Selaginella 


Left, section of a female protliallus; the megaspore wall is shown in black ; note 
the archegoniiim projecting from the upper surface of the prothallus (redrawn 
after Miss Lyons). Upper right, male gametophyte of Selaginella \ note that it 
consistsof a single prothallial cell and a single antheridium(redrawn after Belajeff). 

Lower right, spermatozoids of Selaginella (redrawn after Belajeff) 


are differentiated into megasporangia and microsporangia. The 
differentiation of the sporangia and spores of Selaginella has been 
accompanied by a decrease in size and a loss of independence in 
the prothalli. They are small and are dependent for development 
on food stored by the sporophyte in the spore. 

The differentiation of spores into megaspores and microspores, 
and their dependence on the sporophyte, has certain obvious 
advantages. The delicate prothalli of ferns do not appear bo he 
very well suited to life on dry land, as they require a considerable 


~ 
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period of favorable moist conditions for tlieir developnient. The 
sporopliyte of a fern, on account of its stnicture, can withstand 
conditions that would be fatal to the prothallus. As the gaiiie- 
topliytes of Selagmella derive their nonrisliment from the sporo- 
phyte, they are more independent of external conditions than 
are those of ferns. 

A differentiation of spores into megaspores and microspores has 
occurred in several lines of pteridophytes. This differentiation 



is found in the peculiar water ferns, and it appears that a similar 
diff'erentiatioii in ferns, in a past geologic age, led to the develop- 
ment of modern seed plants. 

It is of interest to compai^e the gametophytes and sporophytes 
of liverworts, ferns, and Selagmella (Fig. 488). In all but the most 
advanced types of liverworts the sporopliyte is entirely dependent 
on the gametophyte for nourishment. Even in Anihoeeros tlie 
sporopliyte is partially dependent on the gametophyte. In typi- 
cal ferns the gametophyte and sporopliyte are both independent 
plants. In Selaginella the gametophyte is dependent on the sporo- 
pliyte for nourishment, the reverse of the condition in liverworts. 

Interrelationship of Fteridophyta. The relation si lip 1 let ween 
Filieinem^ the Eqimetineae^ m.A. the Lyeopoduieae is a much- 
disputed question. Certainly no one of these classes seems to have 
been derived from a modern representative of another. It would 
appear, however, that all three are descended from a common 
ancestor. 


CHAPTER XIII 


DIVISION SPERMATOPEYTA 


The spermatopbytes include all the seed-bearing plants. This 
is the most important divdsion in the vegetable kingdom and 
contain s the dominant 
plants of our present 
flora. 

In the spermatophytes, 
as in the pteridophytes, 
there is an alternation 
of generations, the con- 
spicuous generation be- 
ing the sporophyte. The 
reproductive cells that are 
produced by the sporo- 
phyte are megaspore^ (Pig* 

46 3) and mmvspores- The 
megaspores are formed 
in. megasporangia called 
ovules, while the micro- 
spores, or pollen grains, 
are found in microspo- 
rangia known as pollen 
sacs (Figs. 206, 481). 

C onsiderabl e confusion 
will be avoided by re- 
membering that the word 



ovule is used to designate 
the particulaidvind of meg- 
anponnigium characteris- 
tic of the spermatophytes. 


Fig, 451. Loiigitudinal section of rnega- 
sporaiigiiira of pine 

The megasporangiuin consists of the iiucelhiB 
surrounded by an integuinent. The nucellus 
is free from the integuinent only near the 
apex ; within the nucellus is the rnegaspore 
mother cell, the contents of •‘which are shaded. 
In the opening (micropyle) there are two 
microspores containing male protlial 1 i . ( x 100) 
■■ 403 , ■■ 
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Likewise, the term pollen sac is simply another name for the 
viicrosporangium of the sperm atophytes, while a pollen grain is a 
microspore of a spermatophyte. The spermatophytes are divided 
into the two classes gymnosperms and migiosperms. In the 
angiosperms the megasporangia are inclosed in ovaries, while 
in the gymnosperms they are exposed as in the pteridophytes. 



Fig. 452. Megaspores of pine 

Left, row of four megaspores of pine ; tlie basal one will give rise to tlie female 
protballus. Right, three apical megaspores are disorganizing, while the basal 
one has enlarged considerably. (Redrawn after Miss Ferguson) 

Megasporangium^^^,^^^^^^^ gametopbyte. The megasporan- 

giiim (ovule) consists of a centraL^^m^ nncelhis, or sporan- 
gium proper, inclosed in one (Fig. 451) or two envelopes called 
integuments. The integuments arise as collarlike outgrowths 
'which grow up over the nucellus and inclose it completely except 
at the apex, wdiere there is a small opening, the micropyle. K'mega- 
spore mother cell is formed within the nucellus (Fig. 451). In most 
species there is only one megaspore mother cell, but in some cases 
there are more. Typically the megaspore mother cell divides 
to form a row of four (Fig. 452), Three of these 
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degenerate, while the remaining one germinates (Fig. 452) and 
produces d. female gametophyte^ or prothalhiSj which remains per- 
manently inclosed within the sporangium 
(Fig. 453). In most of the gymnosperms 
archegonia are produced at the micropylar 
end of the prothallus, but in the angio- 
sperms there are no archegonia and one of 
the cells of the prothallus becomes an egg. 

Microsporangia and microspores. The mi- 
crospores (pollen grains) are borne in micro- 
sporangia on microsporophylls (Figs. 206, 
481), which in the an- 
giosperms are called 
stamens. In the gym- 
nosperms the micro- 
spores are carried by 
the wind, and by 
chance some are de- 
posited at or in the 
micropyle (Fig. 451) 
of a megasporangium 
(ovule). The micro- 
spore sends out a pol- 
len tube that grows 
through the nucellus 
toward the archego- 
nia (Fig. 453). The 
eggs in the arche- 
gonia are fertilized 
either by spermato- 
zoids or by male 
nuclei from the pollen tube. In the angio- 
sperms, where the megasporangia (ovules) 
are inclosed in an ovary, the microspores are deposited on the 
stigma, and the pollen tube grows through the style before 
reaching the megasporangium (Fig. 4). 



Fig. 453. Somewhat 
diagrammatic longitu- 
dinal section of rneg- 
asporangiiim of pine, 
containing a female 
prothallus with two 
archegonia 

?/?., micropyle ; i, integu- 
ment ; a, nucellus ; p, 
pollen tube ; e, egg in 
arcliegonium ; /, female 
prothallus. (xl4) 



Fig. 454. Longitudinal 
section of pine seed con- 
sisting of the embryo 
surrounded by the fe- 
male prothallus and this 
in turn by the seed coat 
formed from the integu- 
ment. (X 5) 


.V TEXTBOOK OF GENERAL BOTANY 



Fig. 455. Cycas rainphll 

At the apex there is a group of young niegasporopliylis with inegasporangia 
slightly past the pollination stage ; below the sporophylls is a wliorl of foliage 
leaves; below this is a circle of old sporophylls with nearly matured seeds; 
below these sporophylls is another whorl of leaves, (x 


Seed. The fertili'/ed egg germinates and produces an embryo 
which is inclosed within the tissue of the megasporangium. 
The embryo, together with the surrounding tissue of the female 
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gametopliyte and of the megasporangiuni (Fig. 454), or of the 
niegasporarigiiim alone, is known as a seed. The seed is the 
characteristie striictLire of the diyision Si^rmatophytcL Usually 
the iiiieelliis almost conipletelj disappears during the growth 
of the seed. . 

CLASS GYMNOSPERMAE 


The class Gymmspermae istlie more primitive of the two classes 
of the Spermatophyta and is characterized by megasporaiigia 
wdiich are not inclosed in 
ovaries. It includes four 
orders, three of which 
a-re treated below. 


Order Ora ad ales 


Fig. 456. Cross section of trunk 
chamherlaiml 


Tlie cycads are a small 
group of plants with 
either a columnar (Fig. 

455) or a tuberous stem 
which bears a crown of 
leathery, pinnately com- 
pound leaves. Jn the 
stem there is a relatively 
large pith surrounded by 
a band of wmody tissue 
wdiieh increases in width 

by secondary thickening (Fig. 456). A slight development 
secondary thickening is found in some ferns, but the cycads are 
the most primitive living plants that have a great development 
of secondary wood. 

Ilotli the mryasjyrranr/ia (ovules) and the mierosporangm are 
borne on modified leaves known, respectively, m meyasporophplh 
(Fig. 457) and (Fig. 458). The microsporophylls 

are relatively small, bear large numbers of sporangia on their 
lower surfaces, and are aggregated into definite cones (Figs. 459, 
4G0) produced at the apex of the stem. In all the genera except 
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Qycas the megasporaiigia also occur in a cone (Fig. 462) at the 
apex of the stem. In the genus Qycas the megasporophylls are 
not in cones (Fig. 455) and are somewhat similar to ordinary 
leaves (Fig. 457). They are produced at the tip of the stem in 
whorls alternating with whorls of ordinary leaves (Fig. 455). The 
megasporophylls of Qycas revoluta are very leaflike in appearance 



Fig. 457. Megasporophylls of cycads 

Left, Cyrm revoluta with young ovules (x |) ; second figure, Cycas circinalis 
with young ovules (x |) ; third figure, Ojjcas rumpMi with seed (x f). This 
species usually bears six ovules, but t'wo or four are also frequent. Upper right, 
JDioon edule with seed (x |) ; lower right, Zamict with seed (x 1) 

(Fig. 457), while those of the genus Zamia bear almost no resem- 
blance to ordinary leaves (Fig. 457). Between these two extremes 
there are various gradations (Fig. 457). The leaf like appearance 
of the megasporophylls of Oycas revoluta indicates that they have 
been derived from ordinary spore-bearing leaves, while the gra- 
dations between the megasporophylls of Qyca& revoluta and those 
of Zamia indicate that even the highly modified sporophylls of 
Zamia had a similar origin. 
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Megasporangitiin. and female prothallus. In the cycads the 
megasporangium consists of the nucellus and a single integument 
inclosing the nucellus, except that at the apex there is a small 
opening, the micropyle (Fig. 461). Within the 
megasporangium there is produced a mega- 
spore mother cell which divides to form a row 
of three or four megaspores (Fig. 463). All 
except one of these degenerate and disappear, 
while the functional mega- 
spore germinates within 
the megasporangium (Fig. 

461) and produces a large, 
o\b 1 female j)rothallus (Fig. 

464). This prothallus is re- 
tained permanently withm 
the megasporangium. As 
Fig. 458. Under the prothallus matures, it 
surface of micro- produces archegonia, wliich 
sporophyll of Cy-as usually in a group be- 
rumplm, siiowing micropyle (Fig. 

“ V of the cycads consists of 

two neck cells and a large egg cell (Fig. 465). 

The neck-canal cells found in bryophytes and 
pteridophytes, are lacking, while the ventral- 
canal cell is represented by an evanescent 
nucleus which, with the surrounding cyto- 
plasm, disorganizes soon after its formation 
(Fig. 466). This evanescent nucleus appears 
to have no function, but represents the sur- 
vival of an ancestral characteristic. 

Male prothallus and fertilization. Before 
being shed the microspore (pollen grain) germinates and pro- 
duces a male gametophyte, or prothallus, within the nncTOspore 
(Fw, 468). This gametophyte consists of a sterile promaUial cell, 
a gmerative cell, and a tuSe cell. In this three-celled condition 



Fig. 459. Cone of 
microsporopliylls of 
Z amiajioridan a. (x 1 ) 





no 
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Fi<.;. 4ni. section through 

niegiis})orangium of Cucas rumphii 

The luegasporangiiini consists of the niicel- 
Ins surrounded ]»y an iiitegunient ; within 
tlu nncellus is a, young, rounded, female 
prothallus. (x 20) 


the [)o]k‘ii grains aiT shod. 
Tlie |)olloii grains ai‘o oar- 
riod by tlie wind and oiitor 
the iiiegasporaiigia through 
the inieropyles. Here tlie 
pollen grain sends out a 
pollen tui)e which grows 
from the tube cell, becomes 
embedded in the nucelliis, 
and, by elongating, pii sites 
the protliallial and gen- 
erative t'ells through the 
nucellar region toward the 
arcliegonia (Figs. 4(>5, 408). 
The (fenerative cell later gives 
rise to a sterile stalk cell and 
a large body cell (Figs. 405, 
408). The latter produces 
two Bpermatoxoirh 408). 
These are large ciliated struc- 
tures which have the ability 
to swim. The pollen tube 
approaches an arehegonium 
and discharges the spermato- 
zoids, one of which enters 
the audiegoniinn and fuses 
with the egg cell (Fig. 4()G). 

The ciliated s[)ermato- 
zoids in a highly developed 
land plant sliow the survival 
of a character ae(|uire<l by 
aquatic aiuiestors. 

Seed. Tlie fertilized egg 
develops and produces an 
embryo wliich remains em- 
betlded in the prothallus 
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(Fi£?s. 464, 469). After the embryo reaches a certain size the .seed 
is mature. In the mature seed the embryo is surrounded by the 
prothallus, and the prothallus is surrounded by the integument, 
the nucellus having largely disappeared (Figs. 464, 469). 1 he 
prothallus contains a very considerable supply of stored food. 
Durmg germination the embryo lives on this supply of stored 
food until it has developed sufficiently to be independent. 



Fia. 402. Cone of megavSporo]:4iylls of 
Loft, entire ooiie ; vi-Ut, cine with some sporophylls removed and 
showing seed, (x |) 

Alternation of generations. In the cycads there is an alternation 
of o-euerations, just as in ferns and in liverworts. In the cycads t ie 
sporoidiytic generation produces megaspores and microspores. J _ le 
spores give Hse to the gametophytes. The female gametophyte is a 
prothallus that is developed within the rnegasporangium, while the 
male gametophyte develops from a microspore, or pollen gram, 
lust as in the ferns, the number of chromosomes is reduced w ben a 
spore mother cell divides to form spores. Therefore tlie spores and 


Fig. 463. IMegaspore mother cell and megaspores of Zarnia Jioridana 

Center, megaspore mother cell within the nucelliis, the curved lines outside the 
nucellus showing loc^ition of the integument; left, four megaspores formed 
by the division of megaspore mother cell ; right, the three apical megaspores 
liave begun to disorganize, wdiile the lowest, which will give rise to the female 
prothallus, is enlarging. (Tledrawn after F. Grace Smith) 



Left, megasporangiuni some months before fertilization ; o, outer layer of the 
integument; s, stony layer of the integument; z, inner fleshy layer of the in- 
tegument; n, nucellus; p, female prothallus ; a, archegoniura. Center, an older 
megasporangium ; the prothallus has enlarged while the nucellus has largely 
disappeared. Right, an embryo has grown from one of tlie archegonia and 
penetrated into the prothallus. (x fj) 
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Fig. 465. Longitudinal section of apical portion of megasporanginm of 
Cycas runtpldi shortly before the time of fertilization 

Above is the nncellus, through -which pollen tubes are growing ; below is a por- 
tion of the female prothallns, sho-wing two archegoma 

the gametophytes produced by them have the x, or single, number 
of chromosomes, while the 2 ai, or double, number of chromosomes is 
restored when a sperm nucleus fuses with the egg nucleus, ihm 
double number persists throughout the life of the sporophyte and is 
reduced again when a spore mother cell divides to form four spores. 



Fig. 467. Cro.sa section of a portion of a leaf of Cycas, showing midrib 
and portion of thin part of blade, (x 50) 


Fig. 466. Archegonia and eggs of Cycaa rumphii 

Left, archegonium in the upper part of which the vc^ntral-canal nucleus and 
surrounding cytoplasm are disintegrating (x 17) ; center, an egg into the upper 
portion of which a spermatozoid has penetrated (x 22) ; rightpan egg with the 
nucleus of the spermatozoid about to fuse with the egg nucleus (x 22) 
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In the cycads the prothallus, or female gametophyte, is 
retained perLnently within the ^porophyte, and evm the youn 
snorophyte begins its development under the protection of the 
previous sporophytic generation. Thus the gametophyte, which 



Fio. 468. Pollen grains and pollen tubes of Cycas 

rt# r* before division of nucleus (X 1080). 

Upper left, pollen gram o ' fj after the formation of male prothallus 
Lower left, pollen gram generative cell, below the 

in the livenvorts is the dommsmt phase Mid in the ferns an 
wtenS plant, is reduced in the cycads to a condmon m 
wMoh it is paLilio on the sporophyte. On the other hand the 
sporophyte'is much more highly speeialised m the cycads than 

" SlSp';‘?he° cy»S MP descended from an eatinct order 
of plants, the Oi/eadoJUicalu, which m tom weie enve lom 
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ferns or femlike ancestors. In general appearance the Oyeado- 
Jilieales wem so fernlike that their leaves were believed to be 
the fronds of ferns, until seeds resembling those of the cycads 



Fig. 469, Longitudinal section of seed of Zamia 


a, female protliallus with two archegoni a inclosed in a nucelliis, and this within 
the integument ; 6, older stage in which the nucellus has largely disappeared ; 
c, early stage in the development of the embryo (note the long coiled structure, 
suspensor, wdiich pushes the embryo into the protliallus) ; d, mature seed con- 
sisting of embryo surrounded by protliallus and this by the seed coat formed from 
the integument. The seed coat consists of three layers, a thin fleshy inner layer, 
a thick stony layer, and a still thicker fleshy outer layer, (x 1 J) 

were found attached to them. The vascular anatomy was fern- 
like but with very well-marked secondary thickening in the stem. 

Modern cycads still show fernlike characters. The leaves 
resemble those of ferns and in some cases are rolled up when 
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young, like those of ferns. In certain species fernlike vascular 
bundles are found in the leaves. Even the megasporophyll of 
Cycas revoliita bears some resemblance to the frond of a fern. 

In former geologic ages the cycads were much more numer- 
ous and important than at present, but they have been crowded 
out by the development of higher types, and today we see only 
a remnant of what was 
once an important group. 


ObDBB CtINKGOALES 

This order is repre- 
sented by a single living 
species of G-inkgo, native 
of China and Japan, but 
now widely cultivated in 
temperate countries. 

G-inkgo is of interest 
as showing cliaracters m- 
termediate between those 

of the cycads and the con- 
ifers. it resembles the conifers in general habit, as it is a tall, 
branching tree. The stem, like that of the conifers, has a small 
pith and a wide, woody cylinder. In the size of its fan-shaped 
leaves also approaches the conifers. The megasporan- 

criuin is very^much like that of the cycads (Figs. 470 472), a,nd 
fertilization is by means of motile spermatozoids formed m pollen 
tubes. Among living seed plants motile spermatozoids are found 
only in the two most primitive existing orders of gymnosperms, 
the CycadaleH and Ginkgoales. When Ginkgo is compared with 
the cycads and the conifers, it is found to be closer to the fetter 
in general vegetative structure and to resemble the former in t le 
character of the megasporangium and the method of fertilization. 

Relationship. Ginkgo, while having characters which make it 
intermediate between the cycads and the conifers, does not 
appear to have been derived from cycads or to be ancestral to 



Fig. 470. Ginkgo hiloba 

End of brancli bearing young leaves and young 
megasporangia, (x |) 


Fig. 471. A longitudinal section through mega sporangium of Ginkgo, 
showing niicellus containing megaspore mother cell and surrounded by 
integument, (x 85) 



Fxg. 472. Branch of Ginkgo seeds which have developed from mega- 
sporangia. (x J) 
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conifers. It is generally believed that both it and tire conifers 
are descended from an extinct order of gymnosperms, the Cbr- 
daitales, which was a dominant element of the flora of tlie 

Paleozoic Age. This relationship 
explains the similarities between 
Oinkgo and the conifers. The Gor- 
daitales appear to have been derived 
either from the Qycadofilicales or 




Fig. 473. Brancliof eintyyo bearing 
strobili of male sporophylls. (x |) 

from their ancestors, so that 
Ginkgo is related through 
the Oycadofilicales to the 
Gycadales. While the Gycor 
dale» and Ginkgo have some 
primitive features in com- 
mon, the Gycadales have re- 
tained primitive characters 
to a greater extent than has 
Ginkgo. A diagrammatic rep- 
resentation of the relationship 
oiGinkgo is shown hiFig. 474. 

Ginkgo is almost unknown 
in the wild state, and the 
order Ginkgoales was on the 

road to extinction when Ginkgo began to be cultivated, lii 
former ages the order included a number of genera and had 

a wide distribution. 


Fig. 474. DiagTain showing relation- 
ship of gymnosperms 
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Oedek Conifebales 

The conifers are woody plants ranging in size from shrubs 
to the giant Sequoia of California. Many of them contain 
numerous resin canals (Fig. 121). 


Leaves. The leaves are xerophytic (Fig. 475), are usually 
small, and in many species are needlelike or scalelike. In a few 



Fig. 475. Gross section of leaf of pine (Pinm insularis) 


genera the lamina is rather broad (Fig. 476). The leaves usually 
remain on the plant for several years, being deciduous in only 
three genera. 

Stem structure. The arrangement of the vascular bundles and 
of the secondary thickening of the conifers is very similar to 
that of dicotyledonous angiosperms. There is a small pith sur- 
rounded by a wide woody cylinder. The structure of the wood 
differs from that of dicotyledons in that it contains only tra- 
cheids and wood parenchyma and lacks vessels and wood fibers 
(Fig. 130). The tracheids serve both for water conduction and 
as strengthening elements. Owing to the absence of vessels and 
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wood fibers the wood of the conifers is much more primitive 
than that of the dowering plants. The xerophytio structure of 
the leaves is connected with the primitive nature of the wood 
and the large size * ^ a 


of the plants, as tra- ^ 
cheicls are not as 
well fitted for con- 
ducting large quan- 
tities of water as are 
vessels. 

Sporangia. The 
mierosjxjrangia are 
small and are home 
ill small cones. In 
the majority of gen- 
era the megaspo- 
rangia are also in 
distinct cones, and 
the seed when ripe 
is dry- In some gen- 
era the cone is so 
gieatly reduced as 
not to have the ap- 
pearance of a cone 
and produces only 
a single ovule, and 
in this case the seed 
is more or less sur- 
rounded by a fleshy 


Fig. 476. A gaiJiis alba, tlie source of Manila copal 

Lower left, female cone ; lower right, small branch 
with male cones (x |-) 


. JUUWCJL iCii), 7 

Pine. I he pine ’vslth male cones (x l-) 

(Fig. 478) is such • 

a widely distributed, well-known, and typical conifer that it may 
be taken as a good example of the order knoum as Conferales. 
Vegetative structure. The crown has a conical form, owing to 
fact that both the centraTstem and the branches have an 
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excurrent form of growtlh The branches are of two kinds, long 
braiiclies and short brandies with limited growtii. The on 1 y leaves 
on the long branches are scale leaves (Fig. 479), a feature not char- 
acteristic of all conifers. The short brandies arise in the axils of 



^ the scale leaves and bear 

SdlMc)' needle-shaped green leaves, 
singly or in clusters (Fig. 

' 479), The short branches 

j are deciduous, being shed 

1 '^' Megasporahgiiim and 

female prothallns. The 

there is great dif- 

’'••I't-kS ference of opinion as to 

,, , -, Ti? ^ 1 its morphological nature, 

rio. 4^/. I hree-mmdred-ioot redwood, tp 

Humboldt County, California o\atliferous scales are 

the conspicuous scales in 
the mature cone. The megasporangia occur near the base of the 
ovuliferous scale and are directed toward the central axis of the cone. 

The megasporangium resembles that of the cycads in that it con- 
sists of a nucellus surrounded by a single integument (Pig. 451). 
A megaspore mother cell is formed within the nucellus and di- 
vides to form a row of four megaspores (Figs. 451, 452). 
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The three apical megaspores degenerate, while the basal 
one germinates (Fig. 452) and produces a female prothallus 
(F^ig. 453) which, as in all of the spermatophytes, remains 
permanently inclosed 
within tlie megasporan- 
gium. The female pro- 
thallus is a white, oval 
mass, at the apical end 
of which archegonia are 
produced. A mature 
archegonium consists of 
a large egg cell and the 
neck cells (Fig. 480). 

At one stage there is 
an evanescent ventral- 
canal cell. A- compari- 
son of the cycads and 
the pine shows that the 
general structure of the 
ovules and female pro- 
thalli is very similar in 
the two cases, 

Microsporangium, The 
microsporophylls are 
small and borne in 
small cones (Fig. 481). 

Each has two microspo- forest in 
rangia on its under sur- 
face. The male cones 

oeeur in clusters near the ends of the long branches and, like the 
sliort branches, are produced in the axils of the scale leaves on 
the long branches (Fig. 481). 

Poliinatioa, The microspores (pollen grains) are carried by 
the wind and deposited in the micropyles of the megasporangia. 
This process is known as pollination. At the time of pollination 
the female cone stands erect and the scales are spread apart 


inountain region of Luzon, in the 
Philippine Islands 
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Fig. 479. Pine (Pmus insularls) 


Center, a branch bearing cones of three different years. The small ones at the 
tip have recently been pollinated, the next in age is abcait a year old, wliile the 
oldest has opened to shed its seeds (x |). Upper left, a cone at the age of pol- 
lination. Kote that the sporophylis are separated so that the pollen can enter 
between them (x 3-^-). Lower right, young scale, lirst as seen from below, 
showing bract, and then as seen from above, showing two ovules (x (5) 

(Fig. 479), so that microspores can reach the megasporangia. 
After pollination the short stem bearing the female cone bends 
downward so that the cone hangs vertically, and in this [)osition 
it remains during the remainder of its existence (Fig. 479). 
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Male gainetophyte and 'fertilization. The.niicrospore(Fig.482), 
before being shed, germinates, and a male gametopliyte, or pro- 
tlialliis, is formed within the spore wall (Fig. 482). This consists 
of four cells : a tube cell, a generative cell, and two evanescent 
j)rotliallial cells which begin to disorganize as soon as they are 
formed, so that only remnants of them appear in the pollen grain 
at the time of shedding. After 
reaching the micropyle the 
pollen grain sends out a pol- 
len tube (Fig. 483) which 
grows through the nucellus 
and enters the archegonium. 

During the growth of the pol- 
len tube the tube nucleus mi- 
grates into the tube, and the 
generative cell divides to form 
two ceils : a stalk cell (toward 
the degenerating prothallial 
cells) and a hody cell (Fig. 

488). Later the body cell 
becomes free and passes into 
the tube, where its nucleus 
divides to form two male nu- 
clei. Fertilization results from 
the fusion of one of the male 
nuclei with an egg nucleus. 

The most striking diiference between the sexual method of repro- 
duction in the conifers and that in the cycads and Ginkgo is that 
in the conifers there are no ciliated spermatozoids. The presence 
of ciliated spermatozoids is a charactei', derived from aquatic an- 
cestors, which has persisted throughout the division Pteridophyta 
and among the Gymnospermae in the Cycadales and Ginkgo^ but 
has disappeared in the Cowiferales and all the higher orders of 
the S’permatophjta, 

Seed. The fertilized egg germinates and produces an embryo 
which remains embedded in the pro thallus until the germination 



Ills of pine, showing two archegonia. 
(X75) 



Fig. 4:81. Left, branch of Pinu^i inmlaris bearing male cones (x 1); right, 
longitudinal section through a male cone (x 5) 



Fig. 482. Male gametophyte of pine 

Left, section of microspore of pine ; note the inflated wings which make the spore 
buoyant (x 390). Right, male prothallus within the wall of the microspore of 
pine: above are two disorganizing prothallial cells; below these is the genera- 
tive cell ; and below and almost surrouniUng this is tlie large tube cell { x 530) 
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of the seed. The embryo is a cylindrical structure with a num- 
ber of cotyledons. The integument forms the seed coat (Fig. 454). 

' Alternation of generations. In the conifers the alternation of 
generations is very similar to that described 
for the cycads. The sporophyte is a large 
plant which produces megaspores and mi- 
crospores. The megaspore gives rise to a 
female gametophyte, or prothallus, bearmg 
archegonia, while the microspore produces 
a male gametophyte. The fertilization of 
the egg in the archegonium results in the 
production of a sporophyte. There is, thus, 
as in the Bryophjta and the PteridopJiyta^ 
an alternation of a sporophytic and a game- 
tophytic generation. As in bryophytes, 
pteridophytes, and cycads, the sporophyte 
is characterized by a double number of 
chromosomes, reduction taking place dur- 
ing the division of the spore mother cells. 

The gametophyte has the single number of 
chromosomes, the double number being re- 
stored at fertilization. 

Relationship. The Gonifemles appear to 433^ Pollen tube 

be descended from an extinct order of of pine 

gymnosperms, the CordaitaleB, which either Below, near the apex, 
were derived from or were closely related is the tube nucleus, 
to iliQ Qyeadofiliaales. As the Oyeadojili- Above, and still within 

eamgm% rise to the Vymdales^ the Vomjer- 

ales are related through the Cycadofilieales spore wall and, adjoin- 

to the Cyeadales, The Qyeadales, as we have this, the body cell. 

- . , .... ,, (Redrawn after Miss 

already seen, are much more primitive than Perguson) 

the Oomferales, A diagrammatic represen- 
tation of the relationships of these orders is shown in Fig. 474. 

Distribution. There is a striking difference in the distribution 
of cycads and of conifers. The former are tropical and subtropi- 
cal, while the latter are found largely in temperate zones. They 
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are particularly characteristic of north-temperate regions, where 
they form Yaluable forests of great extent. Conifers are fre- 
quently numerous on tropical mountains, and in limited areas 
may be the dominant element of the flora. 

CLASS ANGIOSPERMAE 

The angiosperms are the culmination of the evolutionary proc- 
ess in plants. In them the sporophyte has reached its greatest 

specialization, while 
the gametophyte has 
become greatly re- 
duceci They are 
the dominant ele- 
ment of our land 
flora, and in number 
of species exceed all 
other green plants. 
They include all the 
woody plants other 
than the gymno- 
sperins and the tree 
ferns, and all herba- 
ceous plants other 
than the ferns and 
fern allies. Many of the angiosperms have become specialized for 
aquatic conditions, and such species form the dominant vegeta- 
tion of fresh waters. Angiosperms have also invaded salt water, 
and even here grasslike forms may be the dominant element of 
the vegetation in rather quiet water where the bottom is muddy. 

The angiosperms are divided into two subclasses, the Dicoty- 
ledoneae (dicotyledons) and Monocotyledo'neae (monocotyledons). 
The distinctive characters of these groups have been given in 
earlier chapters. The most primitive dicotyledons appear to have 
been woody ; it is believed that the herbaceous dicotyledons and 
the monocotyledons have been derived from woody dicotyledons. 



Fig. 484. Megaspore mother cell and megaspores 
of an orchid 

Left, megaspore within nucellus ; center, megaspore 
is divided into two daughter cells; right, lower 
daughter cell has divided into two megaspores, while 
the upper one is in process of division. (Kedrawn 
after Brown and Sharp) 
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Sporopliyte. The sporophyte is a complicated plant witli roots, 
one or more stems, leaves, and strobili (aggregations of sporo- 
phylls) known as flowers. ■ . ■ ' 

The wood is highly specialized in that rows of traclieids have 
become transformed into vessels, while other traclieids are special- 
ized as wood fibers. The vessels are greatly superior to traclieids 
for the conduction of water, and in most angiosperms the function 
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Fig. 485. Developnient of female prothallus in an orchid 

First figure, apical megaspores are disorganizing, while basal megaspore has 
enlarged and its nucleus has divided to form two nuclei. Second figure, older 
stage, showing formation of vacuole. Third figure, nucleus at each end has 
divided, resulting in four nuclei in the prothallus. Fourth figure, telophase of 
division of four nuclei to form eight. Fifth figure, six nuclei cut off by walls ; in 
the base there are three antipodal cells; at the tip are a large egg cell and two 
smaller synergids ; between the groups of cells are tw^o free polar nuclei. Sixth 
figure, fusion of the polar nuclei. (Eedrawn after Brown and Sharp) 

of the traclieids is largely that of mechanical support. The develop- 
ment of an efficient water-conducting system composed of vessels 
has enabled angiosperms to produce a great display of mesophytic 
foliage. The improvement in the conducting system has there- 
fore resulted in a great development of the assimilating system. 

Another great advance shown by angiosperms is the develop- 
ment of complicated structures which facilitate insect pollination. 

Sporophyils. There are two kinds of sporophyHs, 
phylU and micro^porophylU, When there is only one megasporo- 
phyll the edges are joined to form an ovarywith a single cavity. 
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while the tip of the sporophyll is modilied a.s a stigma for the 
reception of the microspores. Frequently two or move, mega- 
sporophylls are united to form a com[)ouiKl ovaiT which may 
have either one or more cavities (Fig. 203). In this case tlie tips 
may form separate stigmas or only a single stigma. Ihe megaspo- 
rangia (ovules) are inclosed in the ovary by the megasporophylLs. 

These inicrosporo- 
phylls of the aiigio- 
sperms are also known 
as stamens (Fig. 206),: 
while the microvsporan- 
gia are the pollen sacs. 

These in egaspor o- 
phylls and microsporo- 
phylls. are borne in 
flowers, and in com- 
plete flowers are.' sur- 
rounded by two sets 
of modified leaves, tlie 
petals and the sepals. ' 
The ' torus is a. short .. 
stem, and as it, bears : 
■sporophylls the flower . 
is a modified strobilus. 
Megasporanginm and female gametophyte. In the aiigio- 
sperrns the megasporangium consists of an oval structure, the 
nueelJioi, or sporangium proper, surrounded by one or two in- 
tecfurmniU. At the apex there is a small opening, the mieropyle, 
which extends through the integuments (Fig. 227). 

In the mieellus there is usually found a single meya^pore 
veil (Fig. 484), which in the majority of cases divides 
mm a row of four megaspores (Fig. 484). The three mega- 
spores situated toward the apex of the nucellus degenerate 
485). The basal megaspore is also known as the ewbri/o 
saoj and within it the female gametophyte, or prothallus, is 
formed. First the embryo sac increases considerably in size and 


Fio. 4S0, Formation of male gametophyte in 
an angiosperm 

Left, a tetrad of microspores of an angiosperm 
(Eiodea) { x 550) ; upper right, niicrospore nucleus 
has di\ic1e<l, resulting in the formation of a large 
tube cell and a small generative cell, which in the 
figure is situated i n the lower left portion of the tube 
cell ; lower right, the generative cell has divided to 
form two male cells (x 205) 
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becomes oval in outline (Fig- 485). Its nucleus divides and 
the two daugliter nuclei migrate to the opposite ends of the 
sac. By two successive divisions each of these daughter nuclei 
gives rise to a group of four nuclei, the groups being at oppo- 
site ends of the sac (Fig. 485). At each end three of the nuclei 
become surrounded by cell walls. 

The three cells thus formed at the 
end of the sac away from the micro- 
pyle are known as antipodal cells. 

The group of three cells at the mi- 
cropylar end consists of two cells 
(^synsrgids) and an egg cell. The two 
nuclei which are free in the cyto- 
plasm are polar nuclei, and they move 
to the center of the sac. In this 
condition the female gametophyte 
is mature and the egg is ready for 
fertilization. 

In a considerable number of spe- 
cies the megaspore mother cell, in- 
stead of forming a row of separate 
megaspores, becomes the embryo sac. 

Male gametophyte and fertilization. 

The microspore (pollen grain) be- 
gins to germinate before it is shed, 
and forms a male gametophyte, or 
prothallus, within the microspore 
(Fig. 486). This gametophyte is pro- 
duced by the division of the nucleus 

of the microspore to form tithe nucleus and a generative nucleus. 
The growth of the pollen tube appears to be connected with the 
activity of the tube nucleus. The generative nucleus divides to 
form two male nuclei. This division usually takes place in the 
pollen tube, but may occur while the pollen is in the micro- 
sporangium (Fig. 486). After being deposited on the stigma 
the pollen grain sends out a pollen tube into which the nuclei 



FiGt. 487. Fertilization stage 
in the embryo sac of an orchid 

p, pollen tube ; s,synergicl; e,egg 
containing nucleus formed by 
the fusion of male and female 
nuclei ; m, male nucleus in con- 
tact with nucleus formed by 
the fusion of two polar nuclei ; 
ft, antipodal cells. (Kedrawn 
after Brown and Sharp) 
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migrate. The pollen tube grows down tliroiigli the style and 
enters the female prothalliis, usually by way of the micropyle 
(Fig. 4). The two male nuclei are discharged in the embryo 
sae. One of them fertilizes the egg by fusing with its nucleus 
(Fig. 487). The fertilized egg germinates and produces an em- 
bryo. The second male nucleus and the two polar nuclei fuse 
to form an endosjjerm nucleus (Fig. 487). 

Endosperm. The endosperm nucleus undergoes a series of 
rapid divisions which result in the formation of endosperiii tissue 
around the developing embryo, filling the embryo sac. The 
nuclei of the cells of this tissue contain a triple, or 8 ;r, nuinber 
of chromosomes, because the primary endosperm nucleus was 
formed by the fusion of three nuclei. The endosperm furnishes 
nourishment for the developing embryo. Usually it completely 
absorbs the nucellus before the seed is mature. Frequently the 
embryo absorbs all of the endosperm during the developiiient 
of the seed ; in ^uch cases there is no endosperm in the ripe 
seed (Fig. 268). In many cases the endosperm persists in the 
mature seed and is absorbed. only during germination (Fig. 269). 

Seed. When the endosperm is absorbed during the develop- 
ment of the seed, the ripe seed consists of an embryo surrounded 
by one or two integuments which form the seed coats. If the 
endosperm persists in the seed, the embryo is surrounded by tlie 
endosperm, and this by the seed coats. 



CHAPTER XIV 


PLANT GEOGRAPHY 

The physical characteristics of the vegetation of a given region 
are largely clue to environmental conditions, while the system- 
atic relationships depend to a great extent on the past or pres- 
ent geological connections or barriers. When two regions have 
been separated for a considerable length of time by barriers 
such as high mountain chains or wide seas, which it is impossi- 
ble for most plants to cross, the systematic composition of the 
vegetation in the two regions will be very different. If the 
environmental Goiiditions are similar, however, the vegetation 
of two areas, whether separated or not, is likely to have the 
same general appearance because in most cases similar external 
conditions produce associations of plants whose fundamental 
physical characteristics are much alike. In the present chapter 
the vegetation of the world will be considered from the stand- 
point of the physical types of vegetation found in various en- 
vironments. The most favorable environmental conditions for 
plant growth are found in those lowland regions of the tropics 
where moisture is abundant and where there is no pronounced 
dry season. If from moist tropical lowlands Ave proceed either 
to colder latitudes, to higher altitudes, or to drier regions, the 
environmental conditions become less favorable and the vegeta- 
tion is less luxuriant. Forests of moist tropical lowlands there- 
fore afford a convenient starting point for a discussion of the 
vegetation of the Avoiid. 

Tropical rain forests. Tropical lowlands, where soil condi- 
tions are favorable and where there is no distinct dry season, 
or where the dry season is not long and seA^ere, produce A-ery 
luxuriant forests (Figs. 6, 488). Typically, the forest canopy 
is composed of three stories characterized by dift'erent types of 
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Fig. 488. liain forest on lower slope of Mount Maquiling, Philippine 
Kote the different heiglits of the trees. Tlie featlieiy leaves belong to clinibing ; 







Fig. 489- Climbing 2 ^alms (rattans) in Philippine rain forest 
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trees. The trees of the topi, or dominant, story form a nearly 
closed canopy which is frequently 60 meters or more in lieight. 
The crowns of the second story are beneath those of the domi- 
nant story and, like those of the dominant stoiy, frequently 
form a nearly closed canopy. The trees of the third, or lowest, 
story are usually small and slender and have small open crowns. 


The presence of these three stories of different trees is not usu- 
ally evident on casual observation, for the composition of all 
the stories is very complex and few of the trees present any 
striking peculiarities- Moreover, smaller trees of a higher story 
always occur in a lower story as well as between the differ- 
ent stories, while the different species of a story have different 
heights. Erect f)alnis are frequently numerous in the lower 
stories but are seldom a prominent part of the vegetation. 

Beneath the tree stories there is a ground covering, the com- 
position of which varies in different situations. In rather dry 
areas, particularly on ridges, it may consist largely of woody 
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plants, Avhile in moist situations, especial!}^ in ravines, herbs are 
abundant. Among the latter, ferns are frequently prominent. 

Large vines are always conspicuous in moist tropical forests. 
Among these are the climbing palms, baml)oos, and aroids. In 

the ^Malayan rc^gioii the 
long, feathery leaves of 
rattans (climbing palms 
chiefly of the genus 
Oalarnus") are particu- 
larly striking (Figs. 70, 
489). Dicotyledonous 
vines are conspicuous 


chiefly 


as large 


cables 


hanging from the crowns 
of the tall trees. 

Epiphytic vegetation 
is abundant but is con- 
fined ehiefly to the 
larger branches of dom- 
inant trees, where it fre- 
quently forms striking 
a&ial gardens. The 
conspicuous epiphytes 
are ferns and flowering 
plants, orchids (Fig. 2) 
being very numerous. 
In the American trop- 
ics, bromeliads (Fig. 490) are conspicuous. The epiphytes have 
a xerophytic structure, many of them containing abundant water- 
storing tissue. 

The most striking feature of moist tropical forests is the great 
development of foliage, which is usually continuous from the 
ground covering to the top of the forests. Although the forest 
consists chiefly of large trees, what strikes the eye is not the 
gigantic trunks but rather the foliage which hides the trunks 
(Fig. 491). In some tropical forests the canopy is exceedingly 


Fig. 400. An epiphytic broineliad {Billher(jla) 

]SV)te that the leaves form urn-shaped cups for 
collecting water, which is absorbed by absorbing 
hairs on the leaves, (x A) 
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dense and there is little development of undergrowth aiitPgxoiibd 
covering. Here the trunks of the trees stand out as gigantic 
columns. The great luxuriance of tropical rain forests is ex- 
plained by the fact that moisture, temperature, and light are 
continuously favorable. The same favorable conditions, particu- 
larly in regard to moisture, are responsible for the great develop- 
ment of epiphytes. Large epiphytes are more dependent on a 


Fig. 491. View in rain forest on lower slope of Mount Maquiling, 
Philippine Islands 

Note the density of the foliage, which hides the large tree trunks 


continuous supply of atmospheric moisture than are terrestrial 
plants, and they cannot stand prolonged periods of adverse 
moistiire conditions, whether these are due to lack of atmospheric 
moisture or to cold. In keeping with the great luxuriance of 
the vegetation, the number of species of trees, vines, and epi- 
phytes in moist tropical forests is greater than in less favored 
regions. i\Iore than a hundred species of trees have been counted 
on a quarter of a hectare. 
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Flowers are usually inconspicuous in the forest This is due 
to the fact that the production of flowers is extended over a 
long period instead of being crowded into a short flowering 
season, and to the fact that as one views the canopy from below 
the flow’ers are largely hidden by the foliage. 

Tropical forests have been considered as the lioiiie of bizarre 
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plants. If the large number of species found in tropical forest 


Fig. 492. Base of a tree trunk showing buttress roots 


is taken into consideration, the number of curious species in the 
tropics is probably no greater in proportion to the total num- 
ber present than in other regions. If hj curious is meant '"spe- 
cialized,” or different from the great majority of plants, then 
certainly desert vegetation is much more bizarre than is the 
vegetation of the moist tropics. The vegetation of the temperate 
zone, with its deciduous leaves, annual rings of growtli, highly 
specialized bud scales, and other features connected with the 
winter season, is much more specialized than is tropical vegeta- 
tion. Moist tropical vegetation contains a greater wealth of 
forms than is found in less favored localities. Among these 
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forms are many, such as climbing palms (Figs. 70, 489) and 
begonias, not found elsewhere. Such plants are hardly more 
peculiar in themselves than are other plants. That such plants 
have been described as peculiar is largely because they are un- 
familiar in the native homes of those who have described them. 

A number of interesting types of plants do, however, occur in 
moist tropical forests (Fig. 74). Strangling figs (Figs. 199, 200) 
present a very pecul- 
iar appearance and 
are sometimes nii- 
meroiis. Trees with 
large buttress roots 
are rather common 
(Fig. 492). Ill a con- 
siderable number of 
species, flowers and 
fruits occur on the 
trunks and the large 
branches, but such 
species constitute a 
veiy small, in con spic- Pie. 493. Brynaria, an epiphytic fern which 
lions proportion of has small humus-gathering leaves and large 
all the trees present, leaves which carry on photosynthesis and pro- 
Humus-collectiiig epi- duce spores, (x J-g) 

phytic ferns (Figs. 

85, 493) are sometimes abundant. Curious plants of the Ma- 
layan region also include large flowering parasites (Figs, 7, 161) 
and plants that luwe swollen stems (Figs. 176, 177) which are 
inhabited by ants, but such plants are usually rare and never 
form a conspicuous part of the vegetation. 

Subtropical and warm temperate rain forests. In subtropical 
and warm temperate regions, where rainfall is abundant and well 
distributed throughout t!ie year, there are evergreen forests. 
Near the tropics these are similar to the tropical rain forests, but 
as colder latitudes are reached the forests partake more of the 
character of the deciduous forests of the cold temperate regions. 
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Subtropical and warm temperate forests are generally of lower 
stature than are the tropical rain forests, and they have fewer 
woody vines and epiphytes. Subtropical or warm temperate for- 
j ests occur in southern Japan, Florida, northern Mexico, New 

1 1 Zealand, southeastern Australia, and parts of South America. 
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In southeastern Australia they are found in gullies and valleys, 
^ and their luxuriance is, 

the deciduous broad- 
leaved forests (Fig. 494) 
and the evergreen needle- 
leaved, or coniferous, for- 
ests (Fig. 495). The cold 
winter season, from a 
physiological standpoint, 
is a dry period, owing to 
the fact that low temper- 
ature hinders the abso]*p- 
tion of water by the roots. In broad-leaved forests the lessened 
ability of the roots to absorb water is counterbalanced by the 
loss of the leaves, and so the trees are leafless during the 
winter season (Fig. 496). These deciduous forests are very much 
less luxiudant than the tropical rain forests. The trees form 
only a single story, and When this is well developed there is 
scanty development of undershrubs and herbs. The space under 
the main canopy is therefore open (Fig. 497), instead of being 
densely iilled as is the case in most of the tropical rain forests, 


Fig. 49-i. Deciduous forest in northeastern 
part of tlie United States 
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Climbing vines are scarce and confined chiefly to the edges of 
the forests. Epiphytes are also scanty and, except in the warmer 
parts of temperate zones, consist only of bryophytes, lichens, and 
algiie. The best development of deciduous forests occurs in 
the eastern portion of the 
United States. 

During the winter sea- 
son the buds of most of 
the species are protected 
by specialized scales which 
prevent the buds from be- 
ing desiccated (Fig. 94). 

The time of growth and 
development of the leaves 
is determined by the sea- 
sons. The winter buds con- 
tain the flowers and leaves 
of the coming spring and 
summer. The flowers usu- 
ally expand at the begin- 
ning of the growing season, 
before the leaves appear 
or are fully developed. 

The leaf buds open and 
the leaves expand very 
rapidly. The foliage is 
fully developed early in 
the season, and the ex- 
pansion of new leaves then 
ceases. During the latter 
part of the season the buds that will expand during the next 
spring are formed, and food material, which will make possible 
rapid growth in the spring, is stored in the stems. 

The expansion of the foliage early in the season is of great 
advantage, as it allows all the leaves to function for the great- 
est possible length of time. The early appearance of flowers 
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allows time for the development of the fruit and at the same 
time facilitates pollination, as both wind and insects have freer 
access to the flowers in a leafless forest than in one in full foliage. 

One of the most striking characteristics of tlie forests is the 
behavior of small perennial herbs with persistent underground 

portions wdiich send up 
flowers and leaves be- 
fore the appearance of 
the leaves on the trees 
and so make use of 
the bright liglit which 
reaches them before 
they are shaded by the 
foliage of the trees. 
The aerial parts of 
many of these plants 
disappear early in the 
season. 

The changes in ap- 
pearance which the for- 
ests undergo with the 
changing seasons are 
very striking. During 
the winter the trees are 
leafless and only a por- 
tion of the herbaceous 
vegetation retains its 
foliage. In the spring 
early flowering herbs 
carpet the ground and 
flower profusely, while shrubs and trees burst into bloom. 
Most of the trees are wind-pollinated and have inconspicuous 
flowers, but some of them have conspicuous insect-pollinated 
flowers. At this time the great array of blossoms renders the 
forest an object of great beauty. In summer the foliage pre- 
dominates and flowers are scarce. In autumn, before the trees 


Fr(t.49<i. Leafless condition of a deciduous 
forest in the northeastern part of the United 
States 
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shed their foliage, the leaves of many of them change from 
green to brilliant shades of red, yellow, and brown, and again 
the forest is strikingly beautiful. As the brightly colored leaves 
fall the forest enters the period of winter rest. 

ConiferoHS forests. Elvergreen coniferous trees of the north 
temperate zone are adapted to witlistand the desiccating effects of 
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Slimmer condition of a decidnons forest in the northeastern part 
of the United States 


winter by having xerophytic needlelike or scalelike leaves (Figs. 
475,479). The xerophytic structure of the leaves enables the 
trees to retain their foliage throughout the winter, the leaves of 
most species remaining on the trees for a number of years. The 
retention of the foliage throughout the year has the advantage 
that the leaves can carry on photosynthesis whenever conditions are 
favorable, while the same leaves can function for several seasons. 

Undergrowth is usually less dense in a well-developed, 
temperate-zone c on iferons forest than in a deciduous one. This 
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is due in p[iri to the fact that in the coniferous forests there is no 
seiisuu during which the undergrowth is not shaded by the foliage 
of the trees, and in part to the fact that a carpet of slowly decay- 
ing, dry, resinous leaves hinders the establishment of seedlings. 

Vast areas in the north 
temperate, zone are cov- 
ered by coiiif eroii s forests 
(Figs. .477, 495,;^ 4^^ 
."These are "well devel- 
oped in Europe, Siberia, 
and Ganada, and in the 
northern, western, and 
southeastern portions of 
the United States. The 
northern boundary coin- 
cides everywhere with 
the limit of tree growth. 
The largest stands of 
timber in the world are 
found in the coniferous 
forests which appear on 
the western coast of the 
United States. 

Tandra. From the 
standpoint of plant geog- 

I raphy the boundary of 

Fiu, li)8, interior of coniferous forest, Taku arctic region may be 

Inlet, Alaska considered as the place 

The tveen n>TC Picea sUckensis md. Tsuga where the last stunted 
hetero2yhylla trees disappear. This 

may be on either side of 
the arctic circle. North of this limit, where ice does not cover the 
ground tundra dominates the arctic region. The growth is usu- 
ally open and always dwarf, and mosses and lichens predomi- 
nate. In favored situations there may be patches of meadows 
or dwarfed sliriibs. 



Fig. 499. Pinus jiexilis at timber line, Longs Peak, Colorado 


Alpine meadow invading glaciated rock surface, Glacier Gorge, 
Longs Peak, Colorado 
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Tile growing* season is very short, about two months, so that 
the sperinatophytes rapidly pass through the stages from flower- 
ing to fraitiiig. One of the most striking characteristics of the 
tundra is tlie abundance and large size of the flowers as con- 
trasted wdth the small, short stems. 

Mountain vegetation. The vegetation at different altitudes 
on mountains is profoundly affected by the changes in climate 


Fig. 501. Alpine meadow near jMount ffobson, British Columbia 

at different elevations. With rising altitudes the temperature 
steadily decreases until, if the mountain is sufficiently high, 
there is a perpetual cap of snow. Rainfall is usually heavier 
on the lower slopes of mountains than in the surrounding low- 
lands. This is due to the fact that as the warm air from the 
lowland is forced up the mountainside it cools, with the result 
that its water-liolding capacity is lessened, and the consequent 
excess of water in the atmosphere forms clouds, wdiich frequently 
give rise to rain. The amount of rainfall increases up to a cer- 
tain altitude, and then decreases because, as the air continues 
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Fig. 602. Two-storied forest on Sloiint Maqniling, Philipiiine Islands, at 
an elevation of seven liundred and forty meters 
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to lose water in the form of rain, it retains less and less mois- 
tiire. The large rainfall at low and medium altitudes on moun- 
tains frequently results in a more luxuriant vegetation in these 
situations than in the neighboring and drier lowlands. The 
greater luxuriance of the vegetation at low and medium alti- 
tudes on mountains is particularly striking when the mountains 


rise from a dry or desert region. This is seen in Arizona, where 
the country around the mountains, and even the lower slopes 
of the mountains themselves, produce t)nly desert vegetation, 
while at higher altitudes there occur rather luxuriant coniferous 
forests. 

On mountains the height of the forests decreases with rising 
elevation. At low and medium altitudes a greater luxuriance 
sometimes results from increased rainfall, but with this excep- 
tion the height of the forests decreases until, frequently, the 










Fig. 503. Another two-storied forest on Mount Maquiling, Philippine 
Islands, at an elevation of seven hundred and forty meters 


region of perpetual snow. As in the arctic tundra, the flowers 
of the alpine meadow are large in comparison with the dwarf 
plants (Fig. 501). 

On moist tropical mountains the three-storied rain forests give 
way to a lower forest, which often consists of two stories, and 
which in many respects resembles the subtropical rain forest 
(Figs. 502, 503). It is less rich in species of trees than is the 
tropical rain forest and contains fewer woody vines and, usually, 
a smaller percentage of phanerogamic epiphytes, while epiphytic 
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forest passes into elfin'- wood, w-hieh consists .of stunted, and- 
twisted trees (Fig. 499). Above the elfin wood there is often 
an area of dwarf shrubs, which in turn gives way to alpine 
meadow (Figs. 500, 501). This consists of a short, xerophytic, 
matted vegetation of grasses or dicotyledonous herbs, or both. 
Where conditions are favorable this vegetation extends to the 
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mosses and liverworts are more numerous. In general, epiphytiG 
vegetation is more luxuriant (Fig. 508) than in the three-storied 
rain forest. Above the two-storied forest there is an elfin wood 


Fig. 504. Sclerophyllous forest in Australia in a region with an annual 
rainfall of thirty to forty inches 

consisting of a single story of twisted trees (Figs. 505, 506). 
Usually the tranks and branehes of the trees of the elfin wood 
(Figs. 506, 507), and sometimes those of the two-storied forest 
at higher altitudes, are densely covered with a thick mat of 
mosses and liverworts. The mosses and liverworts not only 



450 A TEXTBOOK OP GENERAL BOTANY 

coTer the trunks and branches but also hang down in graceful 
festoons (Fig. 506). In the mosses and liverworts grow numer- 
ous ferns and a considerable number of flowering plants. 

Flowers of epiphytes, vines, and trees are usually numerous 
in this mossy forest, and, owing to the low stature of the trees, 
are conspicuous. The small size of the trees and their twisted 


Fig. 505. Lower part of twisted tree with many aerial roots in elfiii mossy 
forest near summit of Mount Maqiiiling, Philippine Islands 


the thick mantles and festoons of mosses and liverworts, 
and the immeroiis blossoms give the mossy forest a weird yet 
appearance and make it one of the most striking types 
vegetation found in the tropics. 

Monsoon forests. In the tropics, regions wdth one or two pro- 
nounced dry seasotis of several months' duration are much greater 
in extent than are those with a constantly humid climate. A 
seasonal climate is particularly ciiaracteristic of the interior of 
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continents. Where the ramf all is abundant during the wet season 
well-developed forests oeour, but the vegetation is not so luxu- 
riant as in the constantly moist regions. During the dry season 
the foliage is largely shed, the degree of defoliation depending 
on the severity of the season. Over large areas the loss of leaves 
is never uniform, as along watercourses trees retain their foliage 
throughout the year. Except when the dry season is extreme 


Fio. 606. View in elfin mossy forest near summit of Mount Maquilmg, 
Philippine Islands 

Note how the trunks, branches, and agrial roots are covered with festoons of 

mosses 

occasional evergreen trees occur. During the dry season the 
monsoon forests do not present as lifeless ail aspect as do decit - 
uous temperate forests in the cold season,: as the dry season is 

preeminently the time of floweiing. ^ 

Monsoon' forests resemble the deciduous forests in temperate 
reo-ions in being of lower stature than tropical rain forests. They 
are also similar to the temperate-zone deciduous forests, and 







Fki. 507. Growtli of mosses and a dlmy fern on a trunk in elfin mossy 
forest near summit of ]\Iount Maquiling, Philippine Islands 

low stature as compared witli rain or monsoon forests, but there 
are exceptions, the giant JEueah/ptns forests of western Australia 
being pronounced xerophilous forests. The vegetation is more 
open than in rain forests or monsoon forests, and the leaves are 
much more xerophytic than in the latter types. The xerophilous 
forests often grade into bush land (Fig. 509), grassland, or desert. 

Grassland. Gravssland in tropical and subtropical regions usu- 
ally takes the form of savanna, in which widely spaced trees occur 
with the grass (Fig. 510). In temperate regions grasslands are 
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different from tropical rain forests, in that the trees have thick 
bark and annual rings of growth in the wood and lack but- 
tressed roots. ' , ■ ■■ 

Xerophilous forests. Dry tropical and subtropical regions which 
are not dry enough to produce deserts support either xerophilous 
forests (Figs. 241, 504) or grassland. The xerophilous forests 
may be either evergreen or deciduous. The trees are usually of 
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usually ' without trees except , along watercourses. ' In . tlie U nited 
States the more moist grassland or prairie is excellent for raising 
grain, while the drier grassland or plain is good for grazing. 

In many cases extensive grasslands are due to the interference 
of man rather than to natural conditions. In temperate regions 
meadows are frequently ^ 

have a very slight rain- 
fall and are covered by 
a scanty growth of scat- 
tered plants are known 
as deserts (Figs. 48, 

511). The largest area stretches across Africa into south- 


FrG.508. Epiphytes on trunk near the upper 
limit of two-storied forest on IVlount Maqui- 
ling, Philipj)iiie Islands 


eastern Asia. In Africa it is called the Sahara Desert, and in 
Asia it is called the Arabian Desert. The next hugest area in- 
cludes most of central Asia. Large desert areas occur in central 
Australia and in Mexico and the wcvstern part of the United 
States, while small areas are found in southwestern Africa and 
South America. 





454 A TEXTBOOK OF GENERAL BOTANY 

Deserts are cliaracterized by au open growth of comparatively 
small [)laiits many of wlmdi are thorny (Figs. 44, 512). Plants of 
desert regions are adapted in various ways to withstand adverse 
conditions. Some, particularly shrubs and shrubby trees, have 
long roots that reach down to subterranean water. The cacti 
have root.s that spread near the surface of the soil. When the 


soil is wet, considerable quantities of water are absorbed by the 
tensive root system and then stored in the enlarged stems. 
Deserts usually have a short rainy season when conditions are 
fairly favorable to vegetation and during which annuals spring 
up and pass through their whole development. Such annuals do 
not have a xerophytie structure. Other plants, with perennial 
undergrourul portions, send up aerial shoots which disappear 
Some of the shrubs are leafless or have 

hytie,: 


509. Bush 


in a region with an annual rainfall of ten 
to thirty inches 










-'I 
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e\"erg'reeii leaves ; while still others are deciduous and have 
niesophvtie leaves duriiig the rainy period. 

The appearance of deserts varies greatly according to the kinds 
of plants found in them. In many places the plants are largely 
shrubs (Fig. ol8), wliile in otlier regions succulents are cO!i- 
spiciioiis (Figs. 512, 514). In parts of the ^Ymeriean desert cacti 


Fig. 512. Arizona desert with large Opuntia 


predominate, wliile in parts of Africa, particularly in the south, 
thcn*e are numerous euphorbias with a general appearance similar 
to that of certain cacti. 

The appearance of deserts also changes according to the 
seasons ; during a dry period the vegetation is very scanty and 
has a gray or rather dirty green color, while in the rainy period 
the vegetation is much more luxuriant, owing to the presence 
of the annuals and of the mesophytic foliage on the deciduous 
perennials. At the same time flowers are frequently found to be 
very numerous. 






' 






Fig. 514. Scene in Arizona desert 
Note the conspicuous giant cacti (Camegfiea) 
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MariEe YCgetation. . ' In seas, floating microscopic algae, are niiiiier- 
oiis, and among them diatoms are prominent. These microscopic 
floating plants are the chief source of food for marine animals. 

Macroscopic marine plants are either algre or angiosperiiis, 
the algtO predominating. The aiigiosperms are grasslike plants 
but not true grasses, and grow rooted in sandy or iiiuddy bottoms 
of calm, shallow bays. Macroscopic algm are most abundant on 
rocky coasts; for the most part they are attached to the rocks, 
but they may be attached to other objects, sucli as shells or other 
algae. Algae occur not only below the level of low tide but be- 
tween tide levels, and in cold temperate regions on rocky coasts 
the development of algae between tide levels is very luxuriant. 
Macroscopic algae range in size from small plants which are hardly 
visible to large ones many meters in length. 

Fresh-water vegetation. In fresh water, as in salt water, micro- 
scopic floating algie are very abundant, and among them diatoms 
are numerous. The macroscopic vegetation differs very greatly 
from that of salt water, as flowering plants predominate over the 
algte, while the algte are small as compared with those of salt 
water. The macroscopic plants may be divided into three gen- 
eral classes : submerged plants, rooted plants with floating leaves, 
and floating plants. 

In general, plants which are entirely submerged grow in deeper 
water than do those with floating leaves. The conducting and 
strengthening tissues are very poorly developed in submerged 
plants. As they float in the water, they do not need strengthen- 
ing tissue to the same extent that land plants do ; and as they 
do not transpire, there is no necessity for any considerable develop- 
ment of Avater-condiicting tissue. The leaves are thin and in 
y cases are finely divided, thus exposing large surfaces for 
the absorption of materials. 

Plants with floating leaves have a conspicuous development 
of air spaces (Fig. 40). These serve as an aerating system for 
the diffusion of oxygen from the lea^ms to the roots. Moreover, 
the air spaces in the leaves are of assistance in enabling the leaves 
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Fig. 515. Lotus (^N elumhhm nelumho) projecting out of the water, and 
Pistla stradotes floating on the water, in Laguna de Bay, Philippine Islands 
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, . Floating plants of cold , temperate . countries .are all of small 
size, but they inay be abundant enougli to eoTer the surfaces of 
small ponds. In warmer regions floating plants reach larger size 
(Fig. 5), and the water hyacinth (Fig. 72) may obstruct naviga- 
tion in sluggish streams. Floating plants are provided witli well- 
developed air spaces (Fig. 71), which make the plants buoyant 


and at the same time >serve as passageways in which oxygen can 
diffuse to the roots. The roots hang down in the water and serve 
as a counterpoise which helps to keep the plant right side up. 

Swamp vegetation. Around the edges of quiet bodies of fresh 
water, and in shallower water than that in which plants with 
floating leaves occur, there is often a conspicuous development of 
swamp composed largely of erect monocotyledonous plants with 
roots under water or in saturated soil and with shoots extend- 
ing into the air (Fig. 515). Such plants contain conspicuous air 
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passages for the a&‘ation of the roots. In other cases the shallow 
water is occupied by a growth of shrubs or trees. Salt-water 
swamps in temperate regions are occupied by a reedlike growth 
consisting largely of monocotyledoiioiis plants. In the tropics 
mangrove-swamp forests are formed on mud flats, which are 
exposed at low tide and at high tide are covered by salt water. 


ii 

Fig. 516. Interior of Philippine mangrove swam]! at low tide 

Note the aerating prop roots of Bhizophora and the erect aerating roots which 
project upward out of the mud 


Mangrove-swauip forests. The term mangrove-Bw amp forest is 
applied to the type of forest occurring on tidal flats along trop- 
ical seacoasts (Figs. .197, 516). The conditions most favorable 
to their development are found in qniet bays into which flow 
large rivers wdiose lower reaches have little fall. The descending 
waters of the rivers are checked when they meet tidewater, and 
deposit their sediment in the form of broad flats or deltas near 
the mouths of the rivers. These flats are usually cut by a net- 
work of channels through which the advancing and receding water 
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of the sea moves. At eKtreme low tide tlie^flats are expojd 
and often even the larger channels are chy. On these n.m - . 
Ihe trees which form the mangrove vegetation find condiiu.iis 
favorable to then-development; and as the seeds or seedlings o 
tte r peeks are distributed by water and can be transported 
tr kng distances without hijury, the formation of ^“1 te 
seedk“ are almost simultaneous. When conditions are tav oiable, 


Pig. 617 . ASrating roots of Sonneratm caseolaris in Philippine 
mangrove swamp 


„ flats ate formed U^oni the old, aad the 

,ar by year._ The mangrove ^ith mature 

lan a metei m commercial forests of the land, 

cl;:— ^ the pt^.^ o. 

Zthat s,m« aho.e the 

nd contain numerous air spaces tl • ._ 

IZ: rZ Z' l:— of the ro„t Sis.m. In 
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some cases the aerating roots are slender structures Avhich grow 
vertically out of the soil, Avhile iu still other cases they have the 

form of knees. , 

Another characteristic of a large proportion of mangrove-swamp 
trees is the germination of the seeds wdiile still within the fruits. 
This feature is most strikingly shown in the family Blmophoraceae, 
in which the seedling hursts through the fruit and hangs down 
ixs a long, slender structure wliile the fruit is still attached to 
the tree (Fig. 300). Finally the seedling drops from the fruit, 
sticks in the mud, and continues to grow (Fig. 301), or it may 
be transported by water and deposited in a situation that is 

favorable to growth. _ 

Succession and climax vegetation. The large vegetational re- 
gions, such as rain forest, deciduous forest, deserts, and arctic 
tundra, are determined by climate, the principal factors being 
moisture and temperature. In all extensive regions there are, 
however, minor areas in which the vegetation is the result not 
of the general climatic complex but of purely local conditions 
such as the nature of the substratum or the mterference of man. 
Vegetation that is in a stable condition and represents the highest 
type that the climate can support is climax veptation. Before 
vegetation reaches a climax, or stable condition, it may pass 
through many successive stages that are influenced by the local 
environment. The givmg way of one type to another is known 
as succession. 

In a region in which tall forest is the climax type there may 
be a lake^vhich results in the presence of several local types 
of vegetation. The vegetation in the deepest part of the lake 
in which there are rooted plants may consist entirely of sub- 
merged plants, and between these and the forest the following 
types of vegetation may occur m successively shallower water: 
plants with" floating leaves, erect monocotyledons projecting out 
of the water, and a growth of shrubs. The level of the rvater 
in lakes does not remain constant; on the contrary, the depth 
of the water tends to become less and less. This is due to the 
fact that material is constantly being deposited in the lake and so 
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YiG bisyjussiaea ^ rooting 

K floating aquatic ^ith numerous in- 
flated roots which project upward into 
the air 

These roots contain a great develop- 
P nSoralr spaces through which oar 
can pass to the submerged portions 

the plant, (x 4) 




raises the level of the soil, while 
at the same time the stream, 
leaving the lake, wears down its 

bed and thus lowers the level 

of the water in the lake. As 
the water becomes shallower the 
submerged plants will uivaxle 
the bare area toward the centei 
of the lake, while the plants 
with floating leaves will invade 
the areas formerly oecupmd by 
submerged plants. Likewise, the 
^ erect monocotyledonous plants 

— will invade the areas previously 

apied by the plants with Iry. 

ade the area which was swampy as 









Tims, tliere is a series ot -successions Deween me tieepi}- :Sud- 
merged bare ground and the climax forest. 

Rocks may support only a growth of lichens, but as the rock 
weathers and soil accumulates there is a series of invasions ^\hiell 
ends with the climax forest. 

On tropical coasts, mud flats are occupied by mangrove-swamp 
forest, but as the land is raised this is succeeded by the forest 
of the dry land and finally by the climax type of the region. 

The types of plant successions are very varied, are due to a 
great variety of local conditions, and lead to many tjpes of 
climax vegetation. A study of successions shows that vegeta- 
tion is not static but dynamic, and that much of it is unstable 
and changing. Just as an individual passes through many stages 
of development before reaching maturity, so plant communities 
go through various stages, or successions, before the climax type 
is produced. 
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Abacii (:Manila heiiip), 139-140 
AhebiioscJuifi }n<)t<chnf capsule oi, 
•2T5*- . 

Abms precatar ins, iKjd of. "2 ib 

xVbscission layer in mulberry ieat, 

Almuptioii, by hairs, 82, 180-183, 184 ; 
by leaves, 78, 82""86, 90 ; ot minerals 
and water, 175, 180-185; hi proto- 
plasm, 20-21 ; by roots, 175, 180-1 8o ; 

by stems, 165, 170 ; and transpira- 
tion, 188-189 -See Hydration 
Abiitilon Indicum, capsule of, 275^- 
Acacia, 219 ; leaf of, 262^ 

Acacia farnesiana (cassia), leatot, 92 
Acanthus ilicifoUus, leaf of, 92^ 
Achenes, 278, 284 ; of ironNyeed, 284^ ; 
of sensitive t>lant and tick tretoil, 

277-* ♦ X 

Achras sapota (sapodilla or chico), 

berry of, 279^ 

Acquired characters, 248 
Acquired modiiications of structure, 64 

Adhesive fruits. 287 ^ 

Adkmtuni (maidenhair tern), o86» 
Adiantum caiidatum (walking tern), 
88^ 

Adventitious buds, 107 
JEciospores, 356*, 357-358, 362 
.®cium, 356*, 357 

Aeration, in aquatics, 80 ; in epi- 
phytes, 174 ; in submerged plants, 
53-54 

Aerial roots, of Jussiaea repens, 463* ; 
and light, 109 ; of mangrove forests, 
461-462 ; of Pandaniis tectorliis, 
178*; of liaphidophora, 176*; of 
Rhizophora, 460* . , , 

Aerial shoots, 464 ; of Utriculana, 8o 
Agar, 342 r 

Agathis aUm, branch and cones ot, 421* 
ripare, 89, 132, 204 
Aga.ve eantula (century plant), 63*, 
, 122*'" 

Aggregate fruits, 272, 273* 
xVir, components of, 7 ; in soil, 10 


Alcohol, 142 

xUgie: Chlorophgceae (green), A 8 :>-j ; 
Cijanophgceae (blue-greci i) , 31 2-3 1 o ; 
economic miportance of, 342;^ in 
lichens, 366 ; marine vegetation, 458 ; 
Fhaeophyceae (hrowii), ^ 337-340 ; 
Bhodophyceae (red), 340, 342 
Allelomorphs, 236 
Almond, 278 

Alocasia indica (elephant* s-ear), tlower 
cluster of, 219* ; tissue tension in 
petiole of, 139* 

Alpine meadows, 445*, 446* 

Alternate leaves, 102 ; divergence ot, 
103-106; phyllotaxy of, 102-103 
Alternation of generations, 371-372 ; 
in Cojiiferales, 427 ; in Ci/iwhths, 
411-415; in Equisetimi, 398, 399; in 
Filiciniae, 395; in ptericlophytes, 386 
Ayrianita phalloides, development ot, 
359* 

Amino acids, 295 
Ainyloplastids, 24, 290 
Ayiabaena, 314* 

Anaerobic respiration, 53 
Anaphase, 226 
Anastomoses, 228 

Anchorage, by root, 175-176 ; by root 
hairs, 182; by stem, 170 
Androspores, of Oedogoniunu 32 / 
Angiospennae, 404 ; male gametop)hyte 
and fertilization, 431-432 ; mega- 
sporangium and female gametopl ly te, 
430-431; microsporangium and xni- 
crospores, 405; seed, 432; sporo- 
phylls, 429-430 ; subclasses, 428 ^ 
Animals, compared with plants, 4 5 ; 
dispersal of seeds by, 286-288; 
importance of photosynthesis to, 
47-48 

Annual rings, 146-148 
Annular vessels, 122 _ 

Annulus of fern sporangium, 388* 
Anoiia squamosa (sugar apple), aggre- 
gate fruit of, 273* 

Anther, 5, 6, 206, 207* 
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Antlieridium, 325; of Anthoceivs, tS77'^ ; 
of bryopliyt/es, 367 ; of Filicinkte^ 
389 ; of liverworts, 369-370 : of 
Marchantia, 374’^ ; of a moss, 380'^ ; 
of liiccku 360'* ; of Saprolegnia^ 345 
Anthoceros' 378* ; antlieridia of, 377* ; 
and Filiciniac, 307 ; and Selaginella^ 
402 

Anthocerotales. 379-380 ; and Miisd^ 381 
Anthrodesmus, 338* 

Antigonon lo2}topiiti, modified stem of, 
167* 

Antipodal cells, 222, 431 
Aphanothccc, 310* 

Apical growth, 96-97, 98 
Appendages, feathery, 284 
Apple, 274, 276, 279 
Apple scab, 351* 

Aquatic plants, 13, 80 
Aquatics, 181 ; submerged, 86-87 
Araceae, 219 

Archegonium, of bryophytes, 307 ; of 
conifers, 423, 425*; of Cgcadalefi, 
409 ; of Cycas rumphii^ 412*, 413*, 
414* ; of Flliciniae^ 389-392 ; of 
gymnosi^enns, 405 ; of Hcpatkae^ 
369-371 ; of Jimgemianniales, 379 ; 
of Marchantia, 374-375, 377 ; of 
moss, 380*, 381* ; of Bicciales^ 374- 
375 ; of SpermatopUytd^ 404-405 
Argemone mexlcandy capsule of, 275* 
An'stolochia elegaiu^ capsule of, 285* ; 

stem of, 116*, 118* 

Aristotle, 1 
Aroids, 115, 172, 436 
Artabotxys undnntus^ stem of, 165* 
Arioca}pu8 communis (breadfruit), 
fruit of. 273* 

Asckpias ciimssavica (milkweed), fol- 
licle of, 276* 

Ascomycetcs, 351-353 ; in lichens, 366 ; 

Sacchnromyces, 352-353 
Ascospores, 351 ; of yTast, 353* 

Ascus, 351 ; of Lachnca^ 350*; of truffle, 
351* ; of Xylaria, 352* 

Asexual reproduction, 204-205 
Ash, fruit of, 283* 

Asparagus, 113 
Asparagus fern, 170 
Assimilation of mineral matter, 58 
Atmosphere, gases of, 8 
Atoms, 10 
A uncularia, 359* 

AuriciUariales^ 359* 

Axillary branches, 107 
Axillary buds, 99 


Bachelor's button {Gomphmia glo- 
hosa), fiowers of, 218* 

Bacillus, 305 

Bacteria, 83, 80, 304-309 ; cell struc- 
ture of, 305-307 ; decay, 300-307 ; 
disease, 307 ; and fungi. 343-344 ; 
nitrogen-lixing, 1S9, 307-308; re- 
lationship of, 309; reproduction 
of, 308 ; sources of eiiergv of, 308- 
309 

Balsam, 279 
Bamboo, 113, 115, 130 
Banana, 78*. 115, 132, 204, 270 ; cross 
section of false trunk of, 79* ; leaf 
of, 72* ; leaf bases of, 78-79 
Barberry, wheat rust on, 356*, 362- 
363 

Bark, 143 ; of old trees, 155 ; secondary 
changes in, 152-153 
Barley, 254 ; starch grains of, 295* 
Base of leaf, 26, 27 ; supporting, 78~79 
Basidimiycetes, 355-363 ; divisions of, 
355 ; Fubasidii^ 363 ; Ilemibasldii^ 
355-356 ; in lichens, 306 ; Protoba- 
sidii^ 3o/— 303 

Basidiospores, 354*, 355. 358 
Basidium, 354'*, 355 
Bast fibers, 145-146 
Bean, 13, 219, 254 ; sections of roots 
of mungo (Phaseolus radiatus)^ 195*, 
196*. 197* ; seedling of mungo, 110* 
Beets, 14 

Beggai'-ticks (Bideus), achenes of, 
277* 

Begonia, 88, 205, 439 

Berries, 277, 279 

Betel-nut palm, seed of, 291* 

Bicollateral bumlles. 127 

Bkiens (beggar-ticks), aclienes of, 277* 

Biennials, 14 

Billhergki, 430* 

Bipinnate leaf, 72*, 73 
Bird’s-nest fungi, 361*, 363 
Bisexual flowers, 206 
Bixa Orellana, capsule of, 275* 
Bladders, animal-catching, of Utricu- 
larla, 85*, 86-87 

Blade, leaf, 20-27, 73 ; of banana, 
72* 

Bleeding, 183-184 
Blueberry, twigs of, 161* 

Blue-green algie. See Cyanophyeeae 
Botany, applied, 1 ; definition of, 1 ; 

systematic, 1 ; value of, 1-2 
Bonqamdllea spectahlUs, branches of, 
166* ; fiowers of, 88* 
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BraciM'oots. lOO-iOl 
Bracts, 87“y8. U4- 

Braiichcs. aac of, 100 ; axillary, 107 ; 
deliqiu'scciit, 107; dicliotomous, 
372-d7d : cxeiirreut, 107 ; of guava, 
00®-, 100® ; horizontai, 111~112 ; and 
stem, 100-107 

Breadfruit (^1 rtocu rpus cotmnu nis ) , 
collective fruit of, 273** 

Breeding, acquired eharacters, 248; 
continuous variations, 248-249 ; hy- 
brids, 230, 240 ; liybrid vigor, 253- 
254 ; inbreeding and outbreeding, 
254-259; mutations, 250"'252 ; plant, 
248-256 ; selection, 248-256 ; varia- 
tions due to hybridization, 240-250 
Bristlelike hairs, 76 
Bristles in Veniisbs-fiytrap, 84 
Broiueliads, 83, 00 
Brown algie. Sec Phaeo'phi/ceae 
Bryales and Filicinlae^ 389, 392 
Bryophyllum^ 88-89, 205 
Bvyophyllum pinnatum. 89® 

Bryophyta, 304, 367-382; classifica- 
tion of, 307-368 ; and conifers, 427 ; 
and Cyeudu/e.s, 409 ; fertilization of, 
303® ; and FiUclni(U\ 395 ; Hepaticae, 
368-380 ; MuseL 380-382 
Bud scales', 02, 94, 99-101, 441 
Budding, 157-150; in yeast, 353 
Buds, adventitious, 107 ; axillary, 90, 
105® ; dormant, 99, 100 ; and graft- 
ing, 157-158 ; and stem, 99 
Bulbs, 89, 204 ; etiulation of, 114 
Bundles, 131-133 ; bicollateral, 127 ; 
collateral, 127 ; concentric, in ferns, 
385-388; course of, in stem, 133; 
vascular, 142-149 
Bush land, 454® 

Buttress roots,' 202, 438®, 439 

Cabbage, 43, 249 

Cactus, 11, 91, 170, 454, 456, 457® 
Calamus (rattan palm), 81®, 436 
Calcium, 175 

Calcium oxalate crystals, 32, 33 
CalUcarjja caudata^ branched hair of, 
74® 

Calllcarpa ei'lodona, stellate hair of, 
74® 

Callus, 156, 157 
Calyptra, 382® 

Calyx, 6, 205, 207-209 
Cambium, activity of, 143-145 ; of di- 
cotyledons, 125; formation of, 142- 
143 


Cmianghim odoratum (ylang-ylang), 
separate fruits of, 273®; stem old 
' ' 143® , ■ 

Gannaj 219; flower of, 218® ; leaf of. 

' 27® ■ ' 

Carina indka, 212-213 

Capsules, 275®. 276®, 277-278. 279, 

. 282®, 285®, 381, 382® 

Carbohydrates, 44, 288-291, 293 ; in 
anaerobic respiration, 53 ; celliiiose, 
16 ; in vessels, 140-142 
Carbon, in carbohydrates, 44 ; in oxi- 
dation, 48 ; in proteins, 18 ; in respi- 
ration, 50, 59 ; source of, 10 
Carbon dioxide, 175 ; and animals, 47 ; 
in cbloroplastids, 24 ; a compound, 0 ; 
molecule of, 10 ; and photosynthesis, 
4, 42-43, 47, 48; and respiration, 
49-52 ; and stomata, 29 ; used by 
plants, 8 

Carboniferous Age, 268-269 
Cardiospermum halicacahimi^ capsule 
of, 276® ; stem of, 167® 

Carka papaya^ flowers of, 209® ; lobed 
leaf of, 78® 

Carnegiea (giant cactus), 457® 
Carnivorous leaves, 83-87 
Carrots, 14, 203 
Caryopsis, 278 
Casein, 291 
Cashew, fruit of, 275® 

Cassia (Acacia /amesnma), 92® 
Castor-oil plant (Ricinus communis), 
207, 278; flowers of, 209® ; germi- 
nation of, 300® ; leaf of, 72® ; seed 
of, 280® ; Stem of, 117® 

Casuarina, 106® ; branches of, 60® 

Catalysts, 294 

Celastrim,BZl* 

Celery, 43 

Cell, 15, 16®, 22®, 23®, 24, 25, 31®, 41® ; 
animal, 17; chlorencliyma, SO, 54- 
55, 67; function of, 15; guard, 39, 
67-70 ; hydration of colloids in, 39 ; 
megaspore mother, 404 ; neck-canal, 
368®, 369, 389, 391, 892 ; shield, 329 ; 
thick-walled dead, 135 ; ventral- 
canal, in ferns, 389, 391, 392 
Cell walls, 13, 16, 17; fonnation of, 
227 ; and hydration, 39 
Cellulose, 28, 292® ; carbohydrate, 44 ; 
formula for, 16; walls of collen- 
chyma made of, 119 
Celosia argentea, c^pmle of, 275® 
Censer mechanisms, 284 
Centi'al body in Gyanophyceae, 312 
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Century plant (Atjave cantiila), 89, 91 ; 
cross section of leaf portion of, 63'=^ ; 
leaf iibers of, 

Cereals, 1*1, 115 

Cestrmn noctimmm^ branches of, 111^, 
112^ 

Chalazal end, 222 

Gham^ 328-330; relationship of, 330; 

reproduction in, 329 
Characters, acquired, 248; dominant, 
237 ; recessive, 237 
C/mraies, 328-330 
Chai’(;oai, 0 
Chemical formuhie, 10 
Chemical stimulus to protoplasm, 22 
Chico {Achms sapota)^ berry of, 279 
ChlamijdommaH, 319-321 ; cell struc- 
ture of, 319-320; relationship of, 321; 
reprodiictioii in, 320-321 ; and TJlo- 
thru, 322-324 

Chlamydomonas angidosa, 319^ 
Chkimydomonas longutigma, 320^ 
Chlamydospores, 355~356 
Chlorencliyma cells, 30, 36^; drying 
of, 07 ; palisade, 30, 38; spongy, 31, 
32; ami transpiration, 54-55, 57- 
68, 61-03, 118 
Chlorine, 175 

Chlorophyceae (green algte), Cham, 
328-330 ; Chlamydoinonas, 319-321 ; 
in lichens, 300 ; Oedogonumi, 824- 
328; and Phacophyceac, m-m ] 
and Bhodophyceae, 340, 342 ; jSpiro- 
gym, 334-337 ; Ulothrix, 321-324 ; 

330-334 

Chlorophyll, in intense light, 112 ; 
lack of, in parasites, 13; in photo- 
synthesis, 4, 42, 46-47 
Chloroplastids, 24, 05^ ; in guard 
cells, 29*, 69 ; in leaf and photosyn- 
thesis, 20 ; in spongy chlorenchyma, 
31 

Chondnis crispus, ^42"^ 

Chromatin, 224, 305-300 
ChroTiiogen, 244 
Chroinoplastids, 24 
Chromosomes, 224, 234 ; alternation 
of generations, 37 1-372 ; in angio- 
sperms, 432 ; in Cycadales, 413 ; di- 
agram of fertilization of, 230* ; in 
fertilization, 228-229 ; in Filiciniae, 
395; in heterotypic mitosis, 229- 
231 ; individuality of, 227-228 ; in 
pine, 427 ; reduction of number of, 
229 

Chrysanthemum, 219-220 


Cilium, 319 

Gissus^ Raffiesia manillana parasitic on 
, roots of, 12*, 104*: 

Citrus aurantifo lla (lime) , cross section 
of conducting s^^stem in leaf of, 37* ; 
modified branches of, 174* 

Citrus decumana (grapefruit), leaf of, 
77* ^ ‘ 

Gladonia furcatcu 302* 

Classes, 211 

Classification of pfi ants, 211-214 
Clavaria, 360* 

Claviceps purpurea (ergot), 353*, 304 
Clay, 186, 187, 188 ; and humus, 189 
Cleft grafting, 158 
Clematis synilaci folia, leaf of, 81* 
Clematis verticellaris, bundles in stem 
of, 133* 

Clerodendron, 214* 

Climax vegetation, 402-404 
Climbers, 176* ; root, 169 ; tendril, 
168-169 

ClUoria ternatea, leaf of, 72* 

Clouds, 19 
Clover, red, 162* 

Club mosses (Lycopodineae), 399-402 
Coal, 382; from plants, 2 ; stored sun- 
light, 48-49 
Coccus, 805 

Cockscomb, 164 ; fasciated stem of, 
163* 

Cocoa (Erythroxylon coca), cross sec- 
tion of leaf of, 35* 

Coconut, 142, 176, 212, 213, 286, 302 ; 
celLs of meat of, 292* ; fruit of, 6 ; 
germination of, 299* ; trunk of, 90* 
Coconut palms, 105*, 141* 

Cocos nucifera, 212, 213 
Cofi'ee rust (Hcmilekt vastatrix), 356*, 
303 

Cold storage, 54 

Coleus blumei, 137, 212, 213 ; stem of, 
34* 

Collateral bundles, 127 
Collective fruit, 272, 273* 
Collenchyma, 34, 35, 135, 136, 137, 
195-196 ; in dicotyledonous stem, 
119-120 ; in Erythroxylon coca, 35* ; 
in Ixora, 33* 

Colloidal dispersion, 18, 19, 20 
Colloids, absorption by, 20 ; hydration 
of, 142 ; osmosis of, 142 
Golocasia esculentum (taro), conn of, 
173* ; raphides from leaf of, 32* 
Color, inheritance of, 232-235. See 
Plants, breeding of 
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ColuDK'lla, ill A}ifiii)eei‘ 0 <<^ ; in 

-"iTU 

( 'um]uu<tif;tn, .sonm' nf energy of. 48“"49 
Cnitimdiha ( Waudoring dew), root of, 

(‘itniDaiiion eelis in (Heoiyledoiis, 124 
O'imi^iarative niurplio^^gy, 2(n“2ti3 
Coinpleinentarv faetors. 242'-244 
Vontpositae. 219-220. 200 
Compound leaves, 7;:l, 01-02 
Compounds, 0 

Coiiceiitric bundle in ferns, 385-388 
Conducting cells in leaf. 38 
Conducting system in leaf. 36-37 
Conduction of f<to<l and water by 
parenchyma. 110, 122, 126 
Cones, of 421-*-; of Comferales, 

421 ; of Cycudu/c.s, 407-408; oi Cyea.% 
41 O*-; of pine, 422-424, 426* ; of 
Zmmu./foWduHU, 411* 

Conifeyale.% alternation of generations 
in, 427 ; distribntion of, 427-428 ; and 
Ginkgo^ 417 ; leaves of, 420; pine, 
421 ; relationship of, 427 ; sporangia 
of, 421 ; stems of, 133-134, 420-421 
Coniferous forests, 443-444 ^ 
Coiijugatae, 337 
Con j ligation, 335-337 
Conservat:ion of energy, 48 
Continuous variations, 248-249 
Copal, 421* 

Coral t,i*ee (Ergthrlna fusca)^ wood of, 
149* lol* 

Contllopsls salkornla, 342* 

CtmlaltakH. 427 ; and Ginkgo, 419 
Cordgline imninalis, flower of, 210* 
Cork, 17, 153 ; in Ixora^ 153* ; in ole- 
ander, 152* 

Conns, 172. 173* 

Corn, 13, 14, 115, 207, 213, 278, 291 ; 
bundles in, 132-133 ; complementary 
factors in, 242-244 ; genninationbf, 
298*; hybrid vigor in, 253* ; Indian, 
213, 215; self-fertilization in, 254” 
255 ; starch grains of, 45* 

Corn smut, 354*, 356 
Cornstarch, 289 
Corolla, 5, 205, 207, 209 
Cortex, of dicotyledonous stems, 115, 
116-120; of root, 193-196 ; of root, 
passage of water through, 183 
Cosmariimp 338* 

Cosmos, 219-220 ; achene of, 277* 
Cotton, 74, 284 ; cellulose, 10 
Cotyledons, 115, 279 ; in germination, 
301-303 ; of pine, 425, 427 


Co witch {Mmunapmmens)y bristlelike 
hair of, 75* 

Cross-polimation, 214 

Croton tigUum, ceils from seed of, 294* 

Crystals, calcium oxalate ; rapliides, 

' 32-33 ; rosette, 31*, 32 
Cucumber, 14, 279 ; berry of, 279* 
Cuenrbita mwcima (squasli), sieve plate 
of, 121* ; tendril of, 167* 

Cultivation, 189 
Cumulative factors, 244-246 
Cuseuta, 170*, 171* 

Cuticle, 28; in ceil walls, 17 
Ciiticiilar transpiralion, 55 
Cutiu, 17, 28 

Cuttings, 88, 107, 204-205, 256 
CyampJiycem (blue-green algie), 312- 
315 ; cell structure of, 312-313 ; 
distribution of, 314 ; and Flagellata, 
318 ; in lichens, 366 ; relationship of, 
314-315 ; reproduction in, 313-314 
Oyaihea (tree ferns), 383* 

Cyatkus struxtus (bird's-nest fungus), 
361* 

Cycadales^ 407-417, 425, 427 ; alterna- 
tion of generations in, 411, 413, 415 ; 
male protliallus and fertilization of, 
409-410; megasiwrangium and fe- 
male protliallus of, 409 ; relationshii) 
of, 415-417; seed of, 410-411 
CycadofilicaleSy 415-416, 427 
Cycacls and conifers, 427-428 ; and 
Gbigko,^ 417 ; megasporophylls of, 
408* ; and pine, 423, 425. 6’ee Cycn- 
dales 

Cycas chmnberlamU, trunk of, 407* 
Cycas cvrdnaMs^ inegaspoi’ophyll of, 
408* ; pollen tube of, 415* 

Cycas rewlata^ 417 ; niegasporophyil 
of , 408* 

Cycas nimphii, 406* ; megasporangium 
of, 410*, 413* ; megasporophyil of, 
408*, 409*; niicrosporopliylls of, 
410* ; pollen grains and tube of, 415* 
Cyclopjwrus adnascens, stele of, 387* 
Cylinder of Conifercdes^ 420-421 
Cymbidiimi ftnktysonimimn (orchid), 
capsule of, 282* 

Cyperus fiabeUlfomiis (mnbi'ella plant), 
105* 

Cytoplasm, 20 

Dahlia, 14 ; inulin in root of, 290* 
Daisy, 219-220 
Darwin, 271 

Ikmdlmsolida,, vascular bundle of, 384* 
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Decoy. Uu-U-vial, 300-307; in tree., 

|),,i.!uons {oroEtjS f ' 1,0 ; 

DeeiiliuAis lea\t^. ^ „ 

aTui trauspu-a.tio>U W. 

X)L‘ciilu!>u:i trees, 

Deliiseeiit fruits, 2 m ^ 

108"'- 

i;:!:::i"sr5Ao7;viantEof..u,^ 

* T OO-T-TIf 


Diapbototroyism, 110 .u- 

Diastase, “i05 

Diaioms. 338*, ->4;^. job ^ 

pieotyliHloiB ,UE stem. 1 

12.0'i^-- Cpuleriuis ot, 1 10 , - 

iv.vious of, nr.; pareuchyuia o , 
H7-n'.' ; princiiial tissues m, 1— , 

sclereiicbyma of, l-iU 

DicotTleilons. -28, no. -iit', m 4-b , 

giS;5!sf;oSa= 

vapor in tvaiispivTitiou. oo 

Bi.itiou of foo.l. 2»> 

?i:r,£S.rfve;u^^ 

oh^e'^'uieaasi.oropliyll ->f, 408* 
!J;m; 5 ' 0 Ti,.s, fruit of, 

is" 10; of visible particles (colloidal 

l)itemiuat4ou.’*(5. 00, 

niveryuuceof altovmUe leaves, 10.3 10(> 

Divisions ot plants 211, 304 

Sm«:\ot4--103iof8eea,2«5- 

208 


Dornraiit buds, 00 

Dorimiut trees, lt»l ^ 

Drupes. 2 <7, *278 

lli^Ssx'inoivucliyuiai^ 

llbOseasonsauatvauspi^ 

Driynamp branches ‘)t, doJ'' 

Ducts, resin, 12/'-U» 

Eartbslars, 8{)8 

210; polliua- 

'^’.'’1 ooy'oo-2 413* ; of auyiospevms, 
'-7uy;luaveUeguiu.uu. 300 

Kgg cell, ot aiigiospeiTus. 4.,1 , ot tiiui 

thtJ CS. -lU'* > - o. , I i-' , )1; 

Eu'u'plaut, doNver ot, . 


EMm-)iia nassipc^ (water liyaciutli), 

ers of. 2V.b^^ 

Elm, branch of, OO'^' 
lil'Acd* IdO^' 

ssitsrssi 

40r)--l07 ; of orchids, ' 

Embryology, 2t)2-"2(>d 

Emulsion, 10 

Emulsold. 10^ 

InShl'l OiconjedoM 
nn-IlT; in ruot, 10 .t-1.i4 

Endosperm in n'evmination, — .j, . 

202*. dO’idlOd 

Endospori‘S. 508 m . o-veeiv 

Ener-'V. conservation ot. 48, 

1 Imits and liaoteria as soarces ol, 

308-300; of light in plioU.syiitliesis, 
i?48n0; potential, 48; n. respu'a- 
tion, 40 

Enlargement, phase oU 
(*> Eidadif tirawlen^^ seeds yb - . 

Eniei'olohlmK Nro/nm (ram titc), . ' 

Zverelnster of. 217*; leaves or. 
1- 4C,*, 72*. 0:3*^ 

Environment, 7 
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Eiizyiiies, 244, 2113-205 
Ei»siu. 185 
E[)icarii. 278 

Eiiitlc'niial c.t.;U wiilLs, tluckness and 
euuiiizaiion ul, (vj 

Epidermal eelis, transpiration through 
cntiele of, 70; and liair. 20* 
Epidermis, 20*, 30 31 -'d 34* ; eutinized 
as protection against excessive tran- 
spiration, 57 : of dicotyledonous 
stems, lio, 110; of Eri/Uwoxykm 
corn, 3”>* ; in Isoni, 33* : in leaves, 
28; in roots, 102; trichomes in, 74- 
T5'*": " ■ 

Kl.iphYtes, 11, 173*, 174, 170. 108*, 
100, 201-202, 448-440, 450,453* 
Epiphytic i»lants, 11 
Elpiphytic vegetation, 430. 437, 430, 441 
Equi^dinctie, 308-300, 402 
Equmium, 308-300 
EqulHiiiiDi arvensv, 304* 

Eqiiisetiun likmuE, 305* 

Ergot {CJavlcepfi purpiD'ea), 353*, 304 
Erosion, 207-208 

Erytkriua f ami (coral tree), ^vood of, 
i49*, 150*. 151* ; liower of. 200* 
Evuihrbm indica^ brancli of, 100* 
Erythroxijhn coca (cocoa), blade of, 
35* 

Ivssential oils, 220 
Etioiation, 113-114 
EubamVii, 303 

Eucali/pfus, 452 ; oil of, 128 ; section 
of leaf of, 37* ; vertical leaves of, 38 
Emjkna, 310, 317* 

Eiiph orb) a pn kh crrimxt (poin setti a) , 
dowers of, 217* ; latex tube of, 126* 
Euphorbia tirucalU. stem of, 100*, 108* 
Enpliorbias, 450 

Evaporation, protection of stem against, 
153 ; rate of, 8 ; and water transpi- 
ration, 54“71 

Evolution, 259-271 ; comparative inor- 
])]io]ogy. 201-203 ; course of, 209- 
270 ; detinition of. 250~200 ; evi- 
dence of cluinge, 2t)l ; and fossils, 
204-209 ; and geograpbical distribu- 
tion, 203-204 ; geological evidence 
of, 204-209 ; and modern thought, 
270-271 ; organic, 200 
Excretion in proto])hism, 20, 21 
Excurrent branching, 107 
Excurrent growtli in pine. 421-422 
Explosive mechanisms. 288 
Exudation of water, 183-184 
Eyespot, 315, 318* '319 


Factors, 233*,' '234 ; coniplenientary, 
■242-244; cumulative, 244-240 , 
Families of plants, 211 
lEasciation, 104 ; In cockscorob, 163* 
E'ats, 293, 295 ; and oils, 291 
E’eathery appendages, 284 
F’euuile gametophyte, of angiosperms, 
430-431; and megasporangium of 
Chfcadales, 409 : of pine. 422-423 
Fern, 205, 436, 439, 440,' 452* ; and 
cycads, 411, 415, 416, 417 : leaves of, 
64; Polypodimisinaimn, 173* ; stag- 
horn, 90 : tree, 73 ; walking { Adia))- 
turn eaudatit m). 88*. See E Ilk la tax. 
Fertilization, 0, 200, 280 : in angio- 
spenns. 431-432 ; and chromosomes, 
228-229, 230* ; in fern, Riccia, and 
Sdayimila. 392*, 393* ; of dower, 
221-223; in ilcpaikae^ 370; and 
male iirothalliis of CycadalcH, 409- 
410 ; in orchid, 431* ; in pine, 425 ; 
in Sqminatophyia, 405 
E'ibers, angiosperm, 429 ; bast, 145- 
146 ; raau'iieT, 132 ; selerenchyma, 
120 : sisal. 132 
Fibrils. 224 
Ficus, 201 

Ficus dastica (India rubber tree), 89, 
91*, 200* 

Figs, 275*, 277; strangling, 201-202, 439 
Elian lent, 6, 206 

Filkineae, 385-398, 402 ; alternation of 
generations in, 395 ; development 
of sporopliyte of, 395 ; game topi lyte 
of, 388, 389, 392 ; relationsbip of, 
397-398 ; sporopliyte of, 385-388 
Films of water in soil, 10 
Filter paper, cellulose, 16 
Flagella, 305, 310-3li, 315, 317-318, 
319 

Ftagella/ria mdlctu leaf of, 81* 
Flagcllata, 315-318 ; cell structure 
of, 315; and Chlcimydoinonas^ 321 ; 
Euglemp relationsbii^ of, 317- 
318 ; reproduction in, 316; and fJ/o- 
thrix^S24: 

Flagellates, 310, 311 
Flanges, 136 
Flax, 146 

Fleshy fruits, 277, 286-287 
Floating plants, 458-459 
Floats, 78, 80, 82* 

Edoral fLiiiction, 78, 87~88 
Flower, color inheritance of, 233*, 
252* ; definition of, 204 ; fertiliza- 
tion of, 221-223 ; functions of, 5, 6 ; 
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,^„aeus uf. -223 -231 ; 

effect of 

S^tewoTo fstorage of, 89, 96, 301- 

Foists, 65 ; cold teuu^rate ^edduous, 

l^^ann temperate, 431M40^ 

rain, 433-439; xer^lnloi M^ 

208;_natu« rf;jW g 350 

Foar-0 clocl^, 16-^ AV460 

FreBlvwatev vej»:etation, 4o8 4t)U 

Fructose, 289, "f ’! 2^l) ■ olassiflcation 

272; compositiou of, 2<4 

;ltum of. 272; kernel of, 24* 

Fruit sugar. 289 

lutr u" I’K'sot’soe. 343-365 ; M- 
“mvccte. 351-3.53; BaMionwedes. 
854*-301*, 365-363; al^^se|rf,_|44 , 

oconoluic iiuportaiice of, , 

in lichens, 366; md 

351 ; reproduction m, 3p 3 

Yaudwrm and Sjplwmks, 334 
Funiculus, 200, 222, 281 

^G, .320-321; 

GSiUyte.'^ '>* OyOT^rtte. 40.) ; fe- 
male, of angiospenn.s.i->^431 ami 
fertiliEatinu in pine, 42o, ot 
putiene, 308-370 ;, in | 

398 • of Lycopodium, 3i)9 , uiait, oi 
amn’ospenns, 431-432; ''fe of 
Wm, 430* ; of Marcharmies,i,l , 


.,f iriKci 380 ; or xirothallus, nt 
ferns 388-305 ; in pteridophytes, 

383 ; of .Seiayincila, 401* ; of Bpe,- 
maiophyta, 

&?oh«rnoslhere, 8 ; composition 

of, 

Gasteromijceteti, o^o 
Geaster hygroinetncus, obi 

Geaster limbatus, ooi 

Gelatin, 20^ 

GeiSratiTe cell, of Cycadales, 409 ; of 

GeCrative nuclei of angiosperms, 
431-432 
Genetics, 1 

Genus, 211 9A‘^-9f)4 

Geological evidence, 203 . 

Geotrppism, 107-109; negative, 108, 

Gemtaating seeds in respiration, 51- 

Gemiinaticnv.T; condit^sfo^f^^^ 

‘ 100 * deiimtion ot, 290, oi 
spore, 388* ; principal process of, 

iisirsr 

|“ss:;‘SpSS.'iiisf 

407 

Gill fungi, 363^^ 

tionslup ot, 41/, “It 9 
GLdcgo biloba, 4m 
Gm%ode 8 41/-419 
Girders, Ido-loO,^ loi 

Girdled stem, loo-' 

Girdling, loO ioq 

Glands," 83-84; Hitmmal, 128 
Glandular hairs, ih* J7 
GleichenuL stem ot, ooo 

Gliadin, 291^ 

Gioeocopi^o, oil . and 

Glucose (grape sugar), 289, 29o , ana 

photosynthesis, 4o 

Omnp/ireiia f/'"5o.vi {ba^ button), 

41, 4.5* 

Grape, 279 
Grape sugar, 43, 289 
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rTrapefniit (Cltrifis decimiana)^ flower 
of, ‘iUt/*- ; fruit nf, ; leaf ot\ IT* 
Clra^sliite, 1* 

Grasses, 38, 115, 130, 13b, 138. 14b, 
i04. *215, 21(5, 302, 453; leaf bases 
of, 7t^ 08 : phntrtsyiitiiesis in, 38 
Grasslauti, 452-453 
Gravtfl, 180 
Gra\it-Y, 107-109 
Greeks, 271 

Green algaa 8lee Chlorojtlufeeae 
Growing point in roots, 177 
Grr)wth, abiiorinal forms of, 164 ; 
apioal, OIrOB; oonflitioiis for, 299; 
detinition of. 150 ; effect of external 
factors on, 1 (JO-164 ; in germination, 
301-303: grand period of, 150; in- 
terca]ary..i(7-98 ; in protopiasm, 21 ; 
of roots, 177-180 ; of stem, 159-164 
Gmnia rnicnKarpa., inodifled stem of, 
167* 

Guard cells of stoma, 29, 67-70 
Guava {Psidium gnajtwa), berry of, 
274* ; branches of, 96*, 100* 

Gum chicle, 128 
Gums, 150 
Gutta-percha, 128 

Gyynnospermm^ 404, 407-428 ; arclie- 
goiiia of, 405 ; CycadalM^ 407-417 ; 
iriicrosporangia and microspores of, 
405 ; relationship of, 419* 

Habit, 11 
Habitat, 11 

Haemcdomma pitnircimi. 362* 

Hairs, absorbing, 82, 88 ; branched, 
74* ; bristlelike, 75*, 76 ; glandular, 
76*, 77 ; root, 180-181 ; stellate, 74* ; 
stinging, 75*, 76 ; trichomes, 74-77 
Hak'ca, branch of. 61* 

HaUmeda opimtia^ 334* 

Hanstorium of Cumita, 170*, 171* ; of 
Viscian orienialc, 13* 

Tlcartwood, 150 ; dead cells of, 16 
Heat, effect of, on growth of twigs, 
161*; and growth, 1()0-163 ; liber- 
ated in oxidation, 48-49 ; and pul- 
vini, 91-92; of respiration, 52 ; a 
stinmlus to protoplasm, 22 ; of sun- 
light reduced by trichomes, 75 ; and 
transpiration, 59~60 
Iltdifchuon coronar'uuH, section of root 
of, 190* 

Ilfdianthds uur/«.s‘///b//«.s*, 162* 
Ih'lhniihiis <*urumvr}/ol{Ufi (sunflower), 
220 * 


Heilotropism, 112-1 IS 
IlemibmkUt 355 
Hemicellulose, 290-291, 293* 

Hemlleia mMatnx (coifee rust), 356* . 
Hemiparasites, 13 
Hemp, 146 ; Manila, 132 
Hejjfitirae, SQl ; alternation of gmi- 
erations in, 371-372; and Autho- 
cerotales^ 379-380; garnet ophyte 
of, 368-370 ; and Jangcrnttniriidlrn, 
377, 379 ; and Marchaniialcs. 374- 
377 ; orders of, 372 ; and Bkc ta- 
les, 372-374 ; sporophyte of, 370- 

fJl I ^ 

Hereditaiy inodilications of structure, 
64 

Heredity, 65 ; deflnitioii of, 232 : deti- 
nition of terms, 236 ; Mendel ism, 

232-247 ; natural selection, 256 259 : 

plant breeding, 248-256 
IlerUiem lUtoralis^ fruit of, 285* 
Heterocysts, 313 ; of Nosioc, 314* 
Heterogametes, 321 
Heterotypic mitosis, 229-231 
Heterozygous, meaning of, 236 
Hema brasUiensls (Para rubber), 128 
Hibiscus^ flower of, 210*; ovary of, 
207* ; sections of leaves of, 28*,' 30*, 
35* 

Hilnm, 281 

Homozyaous, meaning of, 236 
Hooks, 78, 80, 165*, 169, 287 
Horizontal branches, 111-112 
Plorse-chestmit, stem of, 99* 
Horsetails, 398, 399. See Egulsetineixe 
Host, 12*, 13 
Humidity, 57-60 
HumUvS, i89 
Hybrid, 234-235, 249 
Hybrid vigor, 253-254 
Hybridization, variations due to, 249- 
250 

Sydmgyliytum^ 173* 

Hydration, of colloids, 39, 142 ; in 
leaves, 39-42 ; of protoplasm, 20 
Hydrogen, 9 ; in carbohydrates, 44; 
in oxidation, 48 ; in pbotosyntliesis, 
47 ; in proteins, 18 ; in respiration, 
49,50 ; source of, 10 
Hydrophytes, 13 

Hvmenium, 350*, 351, 352*, 354*, 360*, 
365* 

IT i/menomycetes, 363 
I-liThie, 343, 348* 

Hypocotyl, 303 

Hyptls suaveolens, seed of, 287* 
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I-beain. 136, IST’*-' 
lo'iieous rocks, 264-2bo ^ 

[lUciii m verum, capsule of , - ^ o 
lllumiiiatiou, 109~114 

ln(patie7is balsmrmi(h fiaiit of, * 
Inbreeding, 254-256 

ludehiscent fruits, 2jJ uq 

India rubber tree (iicus elashfM), 89, 
2 rM>> ; stipules of, 91^' _ 

Indian corn (Zea mmf), nf 

of, 38* ; seed and germination oi, 

IndicLii pipe (dfonotropu), 14 
liiferior ovary, 274, 2J6 ^ 

Irilieritance, of color, -3- -do , t 

pairs of characters, 2o8-24b 

Insect-pollinated dowers, 9o 
Insect-polliuation, 218 219 _ 

Insects, attraction of, i8, oo 
Integument, 222, 280*, 281 ; 

sperms, 430 ; oi Speyinatophyta^mi. 
See Megasporangium 

Intercalary growth, 9/ 9» 

Internal glands, 128 
I liter nodes, 96 ^ ^ 

Intramolecular respiration, o6 
Inulin, 290 
Invertase, 295 

Iodine in starch test, 46, 12b 
Irm'weed {Venionia), irmts of, 284* 

Irregular dower, ^ 205 
Irrigation, 65, 100 _ 

Irrltahility of protoplasm, 2- 
Isogaiuetes, 321 ' , 

Itlnjphallm (stinkhorn fungus), 361^ 
Ixoni ftnlaijfonmna, : 

sections of leaves of, 3o*, o6 

Jimqermmmiales, 376*, 377, 379 
Juslilaea repens, 463* 

Jute, 140 

Karyolymph, 224 


Lachned, 350*, jl52 
Lactic acid, 307 

Lamella, middle, 25 , , , . 

Laportea mcycniana (nettle), hair ot, 

. , 75* . . . , ^ 

Latex tubes, 126*, 128 
Leaf gap, 386, 387* 

Leaf sears. 98 

Leaf traces, 387* . ^ t 

Leaves, alternate, 102 ; of Comferales, 
420 ; of Cycachdes, 407-408 ; diver- 


gence of alternate, 103-106; and 
^xtei’iial factors, 1()<-114; fall of, 
66-67, 155 ; function and structure 
of, 26-39, 136 ; hydration of, 39-42 ; 
photosynthesis in, 42-49 ; phyllotaxy 
of alternate, 101-103; respiration 
in 49-54; retention of, 100-101, 
134; shapes of, 71-73; specialized, 
77-94 ; transpiration in, 54-71 ; tri- 
chomes of, 74-77 ; 

Legumes, ^206*, 217*, 277-2 /8, o0/-308 
Lemons, 77 ^ 

Lenticels, of mango, lo4*; of mulberry, 

98*, 154* ; of stem, 101, loo 
Leucaena qlauca, dower head of, 217* 

dcheS, 804, 362* 363* 364* 865* 

Liaut effect of, on growth, 162*, 163- 
164' • liberated by oxidation, 48-49 ; 
in photosynthesis, 42, 43; in tran- 
spiration, 59-60 ^ 

Lignin in cell walls, 10 
Lilies, 80, 89, 115 

Lima bean (Phaseolus gemi- 

nation of, 297* ; seed of, 281* 

Lime (Citrus lima), conducting system 
of, 37*; fruit of, 276* 

Linden, fruit of, 284*; stem of, 145*, 
146* 

Linen, 146 
Linin, 224 
Linkage, 241 
Linmnus, 213 
Linolein, 291 

Lrnase, 295 , 

Liriodendron tulipifera jtulip tree), 

sections of stem of, 147* 

Liverworts, 376*, 449, 1 and oyoads, 

411, 415 ; and ferns, 397, 398. bte 
Tlepatieae 
Loam, 186, 187 

Loharlapidmonarla,U^o^ 

Lohed leaf of C (tried pop^V^p oX': 
LiyrmithnsjMippeymsM^o^^^^^^ 

L<itus {NdunMmn nelumbo), 280, 4oJ* 
Lnmbanff, cells of nut of, 293* 


Lumbang, ceiis or uuu ux, 

Lycopmhm ct/athiforme (pul ball), oOO* 
Lycopodiales, 399; Lyropodumi, 39/*, 
399 

LycopixUneqe, 399-402 ; Lyr.opodlales, 
‘399 ; Selcuftnellales, 400-4.02 
Lycopodium: 397*, 399 
Lyeopodhm eernuum, oOt)*, 
I^'yr.opodlinn 

Lycopodium phlcgnioria, 396* 
Lycopodixm reflexMm, 395* 
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MarncaiiitH/a, t)t\ '283*,, 
MagiD'siiini, 175 
xMiia'iiey liliDr^?. 132 

>!;u(k‘ulnuv rl'i'u [Aillanfum)^ ^section 

tii‘ stein of, 3S<*k 

Maize. 213 

Male liiielel in Spent lainphi/ta^ 405 
Aiule prnthailn.^ aiai fertilization of 
Cpmdales, 400-410. See Megaspo- 
raiigiuui 

MiOtpiftni btiJini (naingo), drupe of, 
278'*: lentieel of, 154* 

^langTove, 203, 21^5, 400-402 
MiniUuit ijhiiiurli. 127 
Manila lieinp pikaea), 132, 130-140 
Manultriimi. 320 
Ma])le sap. 184 
Ma]>ie sugar. 140, 142, 280 
MnranUt, stanOi g-rains uf. 45* 
Mtirchiinfht, 374 4177 
M<( rrjKnttlales and J u n<jtnmmrtialcs^ 
374“370 
Marigold, 220* 

^Marine vegetation. 458 
Maturation, 150; of nxsf. 178-180 
Mechanical tissues in stem, 135-140 
Mechanism, explosive 288 
^h'gas})orangiiini, 403' 405; of angio- 
sperms, 430-431 ; of Conifer ales, 
421 : of rVA.vvd///e.s.407.400.4lb,412*, 
413*, 417. 418*; (»f gyinnosperins, 
407 : nf pine, 422-424 ; of SehujlneUa, 
400--401 ; of Spt ratal ophijta, 403*, 
405-407 

]Meg'as])ore motliercell, 220 ; of orchid, 
428*; of pine, 4m. See Idegasxxv 
rangium 

IMegaspores, 220 ; of orchid, 428*. See 
M ega sporangium 

M(^gaspor(i[)hyils, of angfospcrins, 420- 
430; of Cip-adaleti, 407-408; of 
Zamia, 411*. Sec 51 ega sporangium 
5lelon, 270 

^lemlnnne. nuclear. 224 ; plasma, 41- 
42 : semipermealile, 40-42 
Mendel, 232 

IMendeiism, 232-247 ; ai;plieation of, 
247 ; complementary factors, 242- 
244; cumulative faetors, 244-240; 
dominance. 230-23S ; inheritance of 
tAYO pairs of charaiders, 238-240; 
linkage, 241 ; trihyhrids, 241-242 
Mercury, 52 
Meiistnttpedia, 31 0* 

Meristem. t)7. 08; sec<mdary, 154 
Merrillos2}hacra afrinma, 321* 


5Iesoca.i»p, 278 ■ ' 

MesopdiTtes, 12'*, 13 
51etalKiiism in jirotojilasiii. 21 
5Ietapliase, 224, 226 , ; ' 

5ietaxTiein of dicotTledonoiis stele, 
121 

5Iicropyle, 222,' 281, 405 ; of angio- 

■ sperms, 430, 432 ; of Cpeadaits^ 400 ; 

: ofy^ine, 423 ; of SpermatophyifL 404, 

405, . Sce Megasporangiiim 
Microsporangia-, 404 ; of Com/era. ies, 
421 ;■ -of Cycmlales, 407, 400* ; uinl 
microspores of Spennatophfita. 405 : 
of - pi-ne^ 423; - of SelmjinelkL 400, 
6'ea Microsporox^livll 
IMicrospoies, of anglosperins. 430. 431- 
432 ; of Elofha 430*; of pine. 420* ; 
of Selaynwlla, 400-401 ; of Spen 
matophyfa, 403, 404, 405. Sec l'*ollen 
grains 

Microsporopljyll, 405 ; of angiosperms. 
429-430 ; of Ci/cadales^ 407-408. 409. 
410* ; of i:nne, 423 ; of Schailnelku 
400-402 

Middle lamella, 25 
Midrib, 27, 33 

jMilkweed (Aselepkis eurassaideu), fruit 
of, 276*,' 284 

Millet, root of, 180*, 181* 
Jilmosapudka (sensitive plant), leaves 
of, 92, 93* ; pod otV277* ; root of. 

■ 308* '■ 

Mineral salts, absorption of. 184-185 ; 
accmnnlation of, 185 ; in [srotoplasm, 
20 ; in root, 175 ;. In transpii-ation, 

■ .-57-59 ■ : ■" ‘ 

Mi nimum temperature, 1 60 
Mints, 137 
IMimite seeds, 288 
[Mistletoe, 13 

Mitosis, 224, :-225* ; lieterotTpic, 229- 
■■ 231'. 

[Modifications of structure, acquired 
and bereditary. 64 : distribution of, 

■ 65 .' [, ■■[ ■ 

i^foist regions, cblorencliyma in, 60-61 
Moisture, soil, 188-189 
Molds, 348*, 349 
Molecules, 10 

Monocotyiedonous stems, 129-133, 
139-140 

■Monocotyledons, 28, 115, 279, 428 
Monmeious plants, 206-207 
Monosacebarides, 289 
i/onotropa (Indian pixm) , 14* 
Monsoon forests, 450-452 
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Murdidia (morel), 351^ 352 
.Moriiiii.e: 

Morpliolouy, 1 ; comparative, 261“2(>:i 
Morii!^ aA(V (iiuilberrv), fruit of, 272^* ; 
leaves (tf. 2t)-\ 155'=^; leiiticel forma- 
tit)ii of. 1)8^% 154'^ 

I^Iosaics. leaf. 112 

Moss, 371)-=i'-, 4413“ 450, 452’i=- ; peat, 382 ; 

reindeer, MOO. See Musci 
IMotile leaves, ‘.33-02 
Motile orj^-aus, 2<>2 
Mountain vep;etation, 446-450 
IMovement in protoplasm, 21~22 
Mucila^'e, 77 
M7/cor m'icedo, 340’^- 
Mucuna giganiea, .seeds of, 286* 

Mucuna pruriens (cow itch), liair of, 75* 
Mut hleiihe(±ia platyduda, special ized 
stem of, 160* 

IMulberry {Morua allni), fruit of, 272*. 
277 : leave.s of, 26*, 155* ; lenticels 
of, 98*, 154* 

]\Iuiio;o bean {Phaseolus mdiatui'i), 
no* ; cells of, 280* ; root of, 192*, 
105*. 106*. 107* 

Mantiugia ettlabura^ stem of, 144* ; 

flower of, 205* 

Musa 132 

2rusr.i, 367, 380-382 ; and Anlhocero- 
tales, 380 ; life, bistory of, 380-381 ; 
rclatioiisbip of, 381-382 
Mushrooms, 363 
Mutations, 250-252, 258 
Mycelium, 343 

Natural selection, 256-2513; .signifl- 
cance of sexuality, 258-250 ; struggle 
for existence, 256-257 ; survival of 
the fltt<*st, 257-258 
Xeck cells of Cyc< (dales, 400 
Neck-canal cells, of fern. 380-392 ; of 
Hiccia. 368, 360* 

Nectar, 218 

Negative geoiropism, 108 
Negative pliolotropi.siu, 100 
NelUmhiiun mdumho (lotnsb 286*, 450* 
Nemaliniu sexual reproduction in, 343* 
Nc/aad//c.s, leaf of, 83* ^ 

Xerhuti oleander, cork of, 1 52* ; section 
of leaf of, 62* 

Netted veins in loaf, 28 
Nettle {Lapoeiea huu/eniana), stinging 
bail- of, 75* 

Xlpa fridunns, 24 

Nitrogen, and humus, 180 ; in proteins, 
18,' 80, 175 


Nitrogen-fixing liacteria, 307-308 
Nodes, 60*, 96 
Nodules, 308* 

Nostoc, 313*. 314* 

Nucellus, 221-222. 404, 400; of augio- 
sperins, 430 ; of pine, 422-423 ; of 
Spermaiophytu , 407. See Mega spo- 
rangium 

Nuclear membrane, 224 
Nucleolus, 224 

Nucleus, 20, 223 ; in bacteria, 306 : di- 
vision'of, in orchid, 420* ; in flower, 
221-231; male, of Spennatophiita., 
405 

Nut, 278 

Xt/m/phaea stellata (water lily), cross 
section of petiole of, 54* 

Oak (Quercus hennettil), wood, fibers 
of, 120* 

Oats, 213, 254 
Odors, 77 ; of flowers, 220 
Oedogonium, 324-328 ; relationship oj, 
327-328 ; reproduction in, 324-327 ; 
vegetative structure of, 324 
Oil, 40, 77, 202*, 203*, 294* 

Oils, essential, 220 
Olein, 291 

Onion, 89, 204 ; bv,ilb of, 89* ; root of, 
23^,179*. 194* 

Onion smut, 355* 

Oogonium in Saprokgnia, 345 
Oiimgeetes, 344-351 ; an<l Zygomycetes, 
341) 

Odspore, 326 
Operculum, 382* 

Opium, 128 
Opposite leaves, 101 
Optimum temperature for growth, 
160-161 
Opnniia, 456* 

Orange, 77, 125*, 128, 258, 270 
Orchid, 11 ,115, 100.436; Ci/mbidhim 
firdnys<mi(inui(i, 282* ; Dendrobunn 
a^iostmim, 108* 

Order, 211 ' 

Organic evolution, 260 
Organisms in .S(»il, 180 
Orientation, 303 
Oryzd sativa (rice), 353* 

Osc motor it (, 310* 

Osmosis, 30-42 ; of colloids, 142 ; in 
plant cells, 41-42 

Osmotic pressure, 30-42 ; in guard 
cells, 60-70 : in root, 183 ; and tran- 
spiration, 57-50 
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Outbreeding, 254-256 
Ovary, 5. i>, 205~206. 223^', 272 ; of 
angi< iHYsernij^. 42U~430 ; of Hibiscus^ 
207''^' : superior and inferior, 274 
Ovules, 6. 205-206, 221~222 ; of Coiii- 
fendtii, 421-423; of cycads, 408^^; 
of SpennalophujUd 403. See ^lega- 
sporangiuni 

OvuliferoLis scale.s of pine, 422 
Oxidation, 48-53 

Oxygen, in animals, 47 ; in carbohy- 
lirates, 44 ; raoiecule of, 10 ; aaid 
photosynthesis, 43-49 ; in proteins, 
18 ; source of, 10 ; and stoma, 29 

Padma amtralls, 339*' 

Paleozoic Age, 419 

Palisade chlorencliyma, 30, 38 ; in Eii- 
cali/pt:u,% 37* ; and transpiration. 
61-62 

Falmeila stage, 319-320 
Palmitin, 291 

Palms, 73, 105*, 106, 115, 174, 176, 184, 
291, 434*, 435, 436 ; rattan {Calmnus)^ 
81* 

Pandanus iedorliis, 178*, 199 
Papain, 295 

Papaya (Gmica %K(p(xya), flowers of, 
209* ; leaf of, 73* 

Paper, 151-152 

Pard rubber (Hedea hrasilienBis)^ 128 
Parallel veins, 28 
Paraphyses, 350*, 351 
Parasites, 12, 13. 170, 309, 345, 439; 
leaves of, 94 ; lichens, 3i>6 ; rusts, 
357 ; smuts, 355-356. See Fungi and 
Bacteria 

Parenchyma, 31*, 33*, 35*, 30, 117-119 
Parsnips, 203 
Passage cells, 194 
Peach, drupe of. 278* 

Peanut, 293*, 303 

Peas {P'n^iun siitmon). 77-78, 79 ; and 
heredity, 236-242, 250 
Peat, 382' ' 
l^eat mosses. 382 • 

Pedladrum, 324* 

Pedicel, 209 
Pellia, 376* 

Peltate leaves, 71, 72* 

Pepcromia, pel(ueid(t, cross section of 
leaf of, (>5* 

Percolation, 186-187 
Perennials. 14 ; pith of, 120 
Perianth, 207, 209 
pericarp, 278, 286 


Pericycle, of dicotyledonous stems, 
126-127 ; in root, 193 
Perisperm, 281 
Peristorne, 382* 

Perithecla, 352* 

Persimmon {Diospyros kaki), 292* 
Petals, 87, 207, 218 ; source of oxygen 
for, 50 

Petiole, 79, 110-111 ; of ele]>hant's-ear, 
139* ; in leaf uiosaics, 112 : of li*aves, 
26, 27 ; modified, 77-79, 82* : of a 
water lily, 54*. See Floats 
Peziza^ 352 

Phaeopkyceae (brown algie), 337-340; 
Eetocarpns, 339-340;" and Ithodo- 
2)hyceae^ 340 

Phaseolus limatus (UnvA bean), germi- 
nation of, 207*; seed of, 281* 
Phaseolus radkitiis{mmigohem\)\ 110* ; 
cells of, 289* ; root of, 192*, 195*, 
196* 197* 

Phases of matter, 7 
Phellogen, 153-155 

Phloem, 98, 121, 387-388 ; in eondnct- 
ing system of leaf, 37 ; of dicoty- 
ledons, 123, 125; in ErytkroiyUm 
coca^?yh^ \ in Ixora. 33*; in scle- 
renchyma of leaf, 37, 38 
Phosphorus, 18, 175 
Photosynthesis, 4, 16(>*, 168*, 169* ; 
and absorption, 21 ; in chloro- 
plastids, 24 ; in eollencliyma, 120; 
definition of, 42 ; demonstration of. 
46-47; energy, 48-49 ; in grasses, 
38, 39 ; in leaf, 26 ; in palisade 
chlorenchyina, 30 ; in parenchyma 
cells of cortex, 118 ; process of, 42- 
43 ; products of, 43-46 ; relation of, 
to animals, 47-48 ; and respiration, 
49-51 ; ill roots, 196, 199 ; in special- 
ized leaves, 77-78 ; in spines, 91 ; in 
spongy ehlorenchyma, 31 : in stem. 
165, 169-170; and transpiration, 55, 
63; in Venus's-flytrap. 84 ; in ver- 
. tical leaves, 38-39; in water lilies, 
80 ; and xerophytic leaves, 443 
Phototropism, 108-110, 112-113 
Pky€omycete,% 344-351 ; Saprolegnia, 
344-346; Z//f/omi/cetes, 347-350 
Phyllodadus protractus, tlie leaflilfe 
branches of, 169* 

Fhyllotaxy, 101 -103 
Physiology, 1 
Pieea sUckensis. 444* 

Pine, 403*, 404*, 405* 420*, 426* ; al- 
ternation of generations in, 427 ; 
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iB;\le ii'auieUDphyte and i'ertilization 
of ■ iiieR'asporan«;iiim and female 
ra'utlitdhis'of, 422-423 ; nncjosxK> 
raimiiun of. 428 ; pollination of, 42o- 
424 ; resin duct of, 124^^ ; seed of, 
425-427 ; Yegetative structure of, 
421-422 _ 

rineapple, 83, 204, 277. 
idinue. 73 

‘Finnat.e leaf, 72^, 73 

PniiBS/Zeu'/iis, 445^' 

Villus iiisularis, 420*, 423* 424*, 426* 
PiKtia draiiotes, 11*, 32®, 4ti!)* . 

Pistil, 0. 205 ; In sexual reproduction, o 
Pinuni satwuni-, 77-78, 70, 81^, 2o6 
242. 250 

PitcUer plants, 83-80 
Pitli, of Coyiiferaks, 420-421 ; of di- 
cotyledonous stele, 120 
Pith rays in dicotyledonous stem, l-o, 
144, 148-149 

PithficoloMum diilce^ pods of, 270* 

Htted vessels, 122 

Plants, aciuatic, 80 ; breeding ot, 248 

250 ; classification of, 211-214; deti- 

nition of, 34 ; dicBcions, 200-20< ; 
divisions of, 304; geography of, 1; 
moncecious, 200-207 ; respiration or, 8 
Plasma membrane, 41-42 
Plasmolysls, 41-42 
Plastids, 24 ^ ^ 

PlalyceriuM hijoYine (stagbornfern), JO 
Pleodonmt ilUnolseiws, 321 
Plumule, 270 
Pocket leaves, 80 
Pod, 270*, 277-278 ^ 

Poinsettia {7fRp/mrh/,n pidcliermiKt)^ 8», 

103, 450 ; flowers of, 87*, 217* ; latex 
tube of, 120* 

Poison in stinging iiairs, 70 
Polar nuclei, 222, 431 
P<4es, 224-220 
Pollardhm-, 107 ^ 

Pollen, 21 8 "210 ; of angiosperms, 4ol- 
432 ; of Cycadal(‘f<, 400-410 : of pine, 
423-424 ; in sexual rexwodnction, 5 ; 
of ^Sper'nl(do■phlJi<%, 403, 404 ; trans- 
fer of, 5. 8 V '0 Microsijores 
Pollen grains, 200, 208*, 220 
Pollen mother cell, 220 
Poll en sacs, 200, 404 ; of angiosperms,130 
Pollen tubes, 0, 221, 405, 415* ; of pine, 

PoirinatTon, 5 • 0, 05, 200, 20 / , 200, 210*, 
218, 221 : in leafless forest, 442 ; of 
pine, 423-424 


Pohjpodauu. ariiafinn, branch of, 173* 
Polysaccharide, 2iH) 

Poiysiphouht idolacea, 342* 

Polystele, 387 
poppy, capsule of, 285* 

Pore fungus, 300*, 363 
Porphyra, 342* 

Fortulaca oleracea, 221 * 

Positive geotropism, 108 
Positive phototropism, 109 
Potassium, 175 

Potassium hydroxide, absorption of 
carbon dioxide by , 51-52 ^ ^ _ 

Potato, starch grains of, 4o*, 200*; 

sweet, 203 ; tuber of, 173*, 288 
Potential energy, 48 
Primrose, 241 
Prop roots, 199-201 
Prophase, 224, 220 ; in heterotypic mi- 
tosis, 229-231 

P'/usop2S reddma, 66* 

Protection, 78,’ 174 ; of leaves, 90 ; ot 

Pi^teins!l8, 124, UO, 288®, 280*, 201- 
293, 204*, 295 

Prothallial cell, of Cycadales, 400 ; of 
pine, 425 

Prothallus, female, and niegasporan- 
<rmm ol Cycadales^ 400; female, ot 
orchid, 420*; of ferns, 388, 380, 392, 
393**; male, and fertilization of 
Cycadfiles^ 400-410 ; of pine, 422- 
423 425*, 420* ; of x)teridophytes, 
383’, 305; of Sdaginella. -^^^O-^Ol ] 
of 405. S'ee Micro- 

s^iores ^ o-'Q 

PvatohaMlK leciospores ot, 3oi-3o8 ; 

life history of. 357-350, 302-363 
Pwtococcua, 322* ^ 

ib'otonlasm, 15-25 ; absorption by, 20, 
21, 30: colloidal state of, 18-10; con- 
necting strands of, 24. 25 
Protosteic, 385-388, 308* 

Protoxylem of dicotyledonous stele, 
■121''' . 

Pruning, 114, 150, 157 
PHidiimt yuajiim. branches of , 00*. 100* 
Pteridoplii/ta, 304, 383-102; and dn- 
thocerotalc^^^ 381; classes ot. 38o ; 
ami conifers, 427 ; and Cyc((d(des, 
400, 415; E(p(hdlnen(!^ 3t>8, 309; 
fertilization of, 303* : P/dVmme, 
385-308 ; interrelationship of, 402 ; 
Lycopodlneae, 300- 402* and d/R.sc/, 
381 ; and ]une, 425; and Spenna- 
tophyUu 403, 404 
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rtcrh long'i.MUt. ?.S4s. 

rtirori/nih'ium tinrluninn, 

Pwriniii ifrdiniiih (wheal rust), uOt) , 

]>i(rciiii(i 'hj7‘* 

rui’fi^aUs, GGl*, 363 
l^iilp, wood, 1 dI“ 15“2 
rulque, 184 

Puiviiii, 61-62 
Pinnpldii, iiowers of, 208^ 

Furity of ^miinetw, 235 
Py cilia, o56-^-, 357 
Pvenospores. 357 
Pyrcnoids, 316 

Qudfifiia (Dmtrd, leaves of, 77^' 
i^uerciifi hemiettn (oak), wood fibers of, 
120* 

Paefis, 73 

Radicle, 276, 265-296 

Radish, 106*, 177*, 182*, 203, 246 

Rafflefiid manillantu 12*, 164* 

Rain tree (E^itei'olohiuui- sio/oui), lib 5 
tiower cluster of, 217*; leavesof, 46* 
72*, 63* 

Rainfall, 446-447 
Ramie, 146 
Raxihides, 32, 33 
Raphklophora, stem of, 1”6* 

Rattans {Cahtmus), 80, 81*, I06, 434*, 
43d“‘' 

Rays, secondary pith, 148-146 
Receptacle (torus), 206 
Recessive characters, 237 

Red aRue (Rhorlophurcae), 340, o42 
343* " 

Redwoods, 422*; forest of, 441* 
Regular flowers, 205 
Reindeer moss, 366 
ReTiroduction. 0-7, 78, 320-321 : asex- 
ual, 204-20'5 ; in haetevia, 308 ; m 
blue-greeii alga-*, 313-314 i in C/mni, 
326 ; in tlagellatt*s, 316 ; tiower in, 
204-205; in fungi, 343: m Oedogo- 
nium, 324-327 ; protoplasm in, 21 ; in 
Rhizopun. 347-346 ; by root^ 203 ; in 
Sdprolegnid^ 345; sexual^ 5 6, 204 
205 ; in *Snb’oaii/rn,335-337 ; by stem, 
165,171-172; in r/o(Ar(.r, 322-324 ; 
in Vaurlicrtih 330-334 
Reserve food, 288-263 
Resin canals, 420 
Resin duets, 127-128 
Resins, 77, 150 


Respiration, anaerobic, 53 ; in animals, 
47; detinitloii of, 46; demonstra- 
tion of . 51 "52 ; in germ i 1 1 at i » m . 3< tO : 
importance of, 46-50 ; iiiiramnleeii- 
lar, 53 ; oxygen supply for. 44, otj, 
53-64 ; in plants, 46-54 ; proeess of. 
50-51 ; temi>erature for, 54 ^ 

Rest period of seed, 265-268. 6'ee 
Dormancy 

Resting nucleus, 223-224 
Reticulum, 224 

Hhizoids on ferns, 388-386, 361*, 363* ; 
on mosses. 367 

Rhizomes, 171-172, 453 ; in Egfusdunh 
368 ; and etiolation, 114 
RMzophora, 199-201, 203, 206*, 460*, 
461-462 

RMzophora camhJaria , 200* 
R/^Rop/iona’cae, 265,^462^ 

ro'pr/(*«n8. 347-346 

Rhodophyceae (red algm), 340, o42, 
343* 

Riccia, 367*, 368*, 366* 370*, 371*, 
372-374 ; fertilization of, 363* 
RkY‘/a/e.s*. 372-374; and Juiiifcnnan^ 
niaRs. 379 ; and MarchantiakK, 375, 

Rice {Oryza sativa), 14, 115, 254; 
parasite on, 353* ; starch grains 01 , 
45* 

Eieinus rmiiuiKuis (eastor-oil plant), 
flowers of, 206* : leaf of, 72* ; seeds 
of 280* ; stem of, 117* 

Rio'idity, 138-139 ; of eollenchyina, 
1 1 6-i 20 ; of stem , 118- 1 16 
Emdaria, 310* 

Rocks, 264-265 . ^ 

Root, absorption of materials m, l <o, 
180-186: absorptive organs of, 4; 
anatomY of. 140, 161-168 ; functions 
of, 5, 78. SO, 82, 175-177, 161-162 
^eotropism in, 107-106; growth of, 
177-180 : location of. 5 ; oxygen tor, 
50 ; and soil, 186-161 ; specialized, 
168-203 

Root cuttings, 107 
Root hairs, 180-182 
Root tip, 16* 

Rootcap, 177-178, 180 
Rosette crystal, 31 *,^32 
Rosette plants, 83~87 
Rubber, 128 
Ruby glass, 16 
Rimners. 171-172 

Rust. 6, 355*, 358*, 8m Pratobasidu 
Rye, '2 13 ■ 
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Sac, aiigiosperins. 430; embryo, 222; 

pollen, 200, 404 
Sarcluiro })iyct% 3 52"3o3 
Saccharuni officinamiu (sugar cane), 
115, 132* 

Sago, 174; starch grains of, 45* 
Samara, 277*, 278 
Sand, 180, 188 
Sap from coconut, 141*, 142 
Sapodilla {Achras sajjota). berry of, 
270* 

Saprolegnla. 344-847. 340-351; rela- 
tionsiiip of, 340-347 ; reproduction 
in, 345 ; and Rhizopui^^ 347 
Saprophyte, 14*, 300, 343, 344 ; leaves 
of, 04. Sec? Fungi and Bacteria 
Sap-wood, 150 
Sargasmm 330*. 340 
Samwenla. leaf of, 83* 

Savanna, 452-453, 455* 

Scalding, 57 
Scalelike leaves, 00* 

Scales, bud, 02, 94, 00-101 ; of Elae- 
agnus phiUppensi% 75* ; forms of 
triebomes. 74 ; of pine, 422 
Scars, 20*, 08, 00*, 100 
Schizocarpic fruits, 277, 278 
Scion, 157 

Sclerenchyma, of stems of dicotyle- 
dons, 120 ; in Ixora^ 33* ; in leaf, 
37-38 

Scramblers, 160 

Secondary changes in bark, 152-153 
Secondary meristein, 154 
Secondary ^>ith rays, 148-149 
Secondary, thickening, in Cgcadales^ 
407-408 ; in stem, 142-150 ; in stem 
of MimtUigla calfdnmu 144* ; in stem 
of ylang-ylaug, 143* ; in wood of 
linden, 145* 

Securldaca corgmhosa, samara of, 277* 
Sedges, 115, 170 
Sedimentary rocks, 264-265 
Seed, 6, 206, 276*, 270-303 ; of aiigio- 
sperm, 432 ; characters of, 239-240 ; 
coats of, 281, 297-298 ; of Conifera- 
les, 421 ; of Cz/cvrc Jah\s‘, 468*, 410-411 ; 
digestion of food in, 293-295 ; dis- 
persal of, 282-288 ; function of, 78, 
88-89; germination of, 295-303 ; of 
Ginkgo, 418*; minute, 282; of pine, 
4l 5*, 425, 427 ; reserve food in, 288- 
293 ; of Bpermatophifta^ 406-407 ; of 
Zamia^ 416* 

ISclagineiia, 399*, 400-402 ; fertiliza- 
tion of, 393* ; sporangia of, 401-402 


Selaginella,hu% 400-402 
Selection, 248 ; natural, 256-259 
Self-fertiUzaticm. See Inbreeding 
Self-pollination, 214 
Self-priming, 114 

Sensitive plant {Mimom pudlca), leaves 
of, 92, 03* : pod of, 277* ; root of. 
308* 

Sepals, 209 
Sequoia^ 420 
Sessile leaves, 71 
Sexual reproductiou. 204-205 
Sexuality, 258-259 ; of flowers, 206- 
207 

Shield cells, 329 

Sieve plate of scpuish, 121* 

Sieve tubes, 140 ; of dicotyledons, 123- 
124 

Silt, 186 
Simple leaf, 73 
Slphonales, 330, 334 
Siplionostele, 386-387 
Sleep movements of pulvini, 91-92 
S^nllax leucophylla, 79 ; leaf of, 81* 
Smuts. 355-356. See IIe)nib(tsidll 
Soil, 10-11, 186-189; air in, 10 ; ele- 
ments in, 11 : humus in, 189; mois- 
ture in, 188-189; movement of 
water in, 180-187 ; organisms in, 
189; physical characteristics of, 
181 ; relation of, to transpiration, 
188 ; and respiration, 53 ; and root 
hairs, 181 ; structure of, 187-188 ; 
tbxture of, 186 ; water Aims in, 10 ; 
weight of, 188 
Solute, 184 
Solution, 18. 19 
Solvent, 39, 40, 184 
Sonneratia caa^eohaia., 461* 

Soot, 9 
Spatiie, 219 
Species, 211-214 

Spermdtophyta, 304, 403-432 ; angio- 
sperms, 428-432 ; and A nthocerotaks, 
380; Oo7}./7errdcs, 420-428; Cycadak^^ 
407-417; Oin/iY/on/cs, 417-419 ; gyni- 
nosperms, 407-428 ; megasporaugium 
and femalegametophyte of, 404-405 ; 
microsporangia and microspores of, 
405 ; and Miisei, 381 : seed of, 40(5-407 
Spermatozoid, 325, 369* ; of bryo- 
pliytes, 367 : of VyaididtH, 410 ; of 
a yens, 415*; of ferns, 389, 390* 
392*, 393* ; of liverworts, 370 ; of 
Selaglnella^ 401* \ of Spennatophi/ta. 
405 ■ 
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S|!ha,miuiii, M8:2 
Sp'nniie, 

S|iiiu’s, 174; liraiiDlu'S liiudified as, 
DU df-Dil ]i!:uits, (‘4; mar- 
;U'iisul, ; >tii)iUar. 

Sjiiny {caves, dO-i)!, 

Spiral vessels. \T2. 

Spireme, :>ii4 
Spii’illuui, 305 

cell striiernre olV334”335; 
repirnduction in, 335--337 
Spnadda./, 313'^' 

Spun.ey eliloreikdiyma. 31, 3,2 
Spuraiiuium, -405; ut“ Coniferales^ 421; 
of fern. 384-% 388. 304.*; of Mwr- 
i'hnitiales^ 375 ; of ^^ela</lnella, 401- 
402 

Spore, 30S, 314 

Spoit')pliyUs,305*.300*.3‘07*.400*,409* 
410* 411*, 410*, 420*, 421* 423- 

424 ; of anpiospterins, 420-430 ; of 
LycopodiiufC 30ii ; of SekujmeUa., 400 

Sporophytc, 370* ; of aim-iosperms, 
420; of Anthocerotale.% 377*, 378*, 
370 ; of bryopliytes. 307~3()8 ; of 
Eqiilsetiinu 308, 300 ; of F/Urineae^ 
385-388, 301* '395*. 307, 308; of 
Ilc 2 mUf‘ae, 370-371 ; <,>f Lyaopodium^ 
300 ; of ilarchauUtL 374* 375 ; of 
Mmci, 380-381, 382*; of ])tendo- 
phytes, 383 ; of Selagimlla^ 400-401 ; 
of Sperm atophyta^ 403 
Sports, 250 

Squash (Cuciuinta maxima)^ 169, 280 ; 
bundle of stem of, 123* ; cells of 
hair of, 15*, 22*. 41*, 76* ; seed of, 
301* ; sieve plate of stem of, 121* ; 
tendril of, 167* 

Sta.a'horn fern, 90 
Stalk, iiower, 209 

Stalk cell, in Oz/oaltdes. 410; in pine, 

425 

Stalk in i¥7rrc/nxafn.//fcN, 375, 377 
Stamens, 5*, 6, 205, 206, 207*, 405 ; 
of an^'iusperms, 430. See Micro- 
sporophYlls 

Starch, 288*, 289*, 290*, 293, 295 ; in 
aniyloplastids, 24 ; formation of, in 
plant, 44 ; grains of, 44. 45* ; test 
for, 46, 126 

Starcli sheath in <licokVledonous 
stems, 116-117 
Stearin. 291 

Stele, 192-193; of dieotyh?doiis, 115, 
120-127 ; of ferns, 385-388 ; of 
inonocotyledoiis, 130 


Stem, bundles in. 133; coniferous. 
133-134, 407. 42U-421 : of dicot} h- 
dons, 115-129: and exteriial eon- 
ditions, 107-114, 160-164 ; funeriuits 
of, 5, 78, 95-96 ; growth in, 159- 
164; mechanical tissues ill, 135-140; 
of inoiiocotTledons, 129-133 ; iiiove- 
ment of materials in, 140-142 ; sec- 
ondary thickening in, 142-159; 
^specialized, 165-174 ; structure i >f, 
96-107 ; types of, 115 
Steriginata, 355 

Stigma, 5, 6, 205-206 ; of angiosperms, 
430-432 ; of iSpa’iardop// //On 405 
Stinging hairs. 76. See Triclumies 
Stipules, 70, 90, 91 ; of garden p^ea, 
77-78; of leaves, 26-27 ; on Moru)< 
alba (mulberry), 26* 

Stocdv, 157 

Stomata, 29, 62*. 67-70, 75, 101 ; in 
dieotyledonous stem, 116 ; dlstrilni- 
tion of, 29 ; and lenticeLs, 155 ; num- 
ber and arrangement of , 63 ; opening 
and closing of, 67-70; respiration 
through, 44 ; in transpiration, 55 
Stone cells, 120 

Storage, in leaf, 78, 89 ; in root, 177*, 
195, 203* ; in stem, 96, 162, 166, 172- 
174 ; of water, 166*, 173* 

Storage roots, 176*, 177* 

Strawberry, fruit of, 273* 

Striation.s in stareli grains, 44, 45* 
Strobilus; 395* 396*, 399* 420 ; of 
Ginkgo, 419* ; of Selugmella, 400 
Structural modilications, 60-65 
Stnicture of leaves, 26, 27 
Struggle for existence, 256-257 
Styie, 205-206 ; of angiospemis, 432 
Subclasses, 211 

Suberin, 153; in cell walls, 17 
Submerged plants, 458 ; abration of, 
53“54 ; leaves of, 82-83 
Subtroj)ical and warm temperate rain 
forests, 439-440 

Succession and climax vegetation, 
4b2— 4b4 
Suckers, 204 
Sucrose, 289 

Sugar apple (xlnontx squaviosa)\ 273* 
Sugar cane iSaccharum officmarum)^ 
115, 132* 354*; bundles of, 132. 133; 
smut on, 356; tip of stalk of, 80* 
Sugars, 142, 289, 293, 295 ; carbohy- 
drates, 44 ; of pdiotosyntliesis, 4, 26, 
42-43 ; in protoplasm, 20 ; in respi- 
ration, 50 
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SuipljOiT ill proteins, 18, 175 
Siu'u lews (iJro.s'cm), 83-84 
Siiiitiowers, 110, 219-220, 251-252; 
ilia.iiTain of liower color of, 252* 
ill overs of, 220* 

Superior ovary, 274, 276 
Support, bv root, 109-203 ; by stem, 78, 
Iii5-169‘' 

Sai>portiiig leaf bases, 78-79 
Surface, in crease in, 19-20 
Survival of the fittest, 257-258 
Suspension, 18, 19 
Swamp vegetation, 459-460 
Sweet potato, 14, 203 
Synergifis, 222 ; of angiosperms, 431 
Synthetic dye industry, 2 

Tahcrriffeniuntana pandacaqiii, flower 
of, 210*: pod of, 287* 

198*, 199 

Tannin, 150 
Tap roots, 175 

Taro (Colomsia esauleniim)^ cmm of, 
173* : raphides from leaf of, 32* 
Tarridia tiylvaiica^ samara of,- 277* 
Tegmen, 281 

Teliospores, 357*, 858, 362 
Telophase, 226-227 
Temperature, minimum, 160 ; opti- 
mum, 100-161 ; of respiration, 54 ; 
ill transpiration, 57, 59-60 
Tendril climbers, 1(58-169 
Tendrils, 78, 79, 167* ; leaf, 81* 
Tensions, tissue, in stem, 138-139 
'Termlmdkt calammminay ^ fruit of, 
282* ^ 

Tcrm.inaU(( catappa^ fruit of, 285* 
Terrestrial ]dants, 11 
Testa, 278, 281 
Tetrads, 395 

ThallophyUt, 268, 304-366 ; bacteria 
304--309 ; Chlijriyplu/ceae^ 31 8-337 ; 
C)janopht/ceat\ 312-315 ; definition 
of, 304 ; 315-318 ; fungi, 

343-365 ; licbens. 366 ; Flateophij- 
i'eru\ 337-340 ; Ehodoplujceae, 340, 
342 

Thickening, secondary, 148* ; in stem, 
142-159'" 

'rhick-wuliecl dead cells, 135 
Thorns. 169 
Tiiorny plants, 454 
Thunhar/ia r/mndiflora^ branch of, 

no* 

Tick trefoil (Besmodhim gangeticam)^ 
fruit of, 277* 


Tissue tension, in petiole of elephaiit’s- 
ear, 139* ; in stem, 138-139 
Tissues, 33, 135-140 ; in leaves, 136: 
mechanical, in monocotyledonons 
stems, 139-140 ; mechanical, in i-oots, 
140; mechanical, in stems, 136- 
138 

Tobacco, 64, 251, 254 ; glandular iiair 
of, 76* 

Tomatoes, 13, 14, 254, 279 
Torus (receptacle), 209, 273*, 274, 275*, 
276, 277, 286 
Traces, leaf, 387* 

Tracheary elements of dicotyledonous 
stele, 121-123 

Traclieids, of angiosperms, 429 ; ot 
Coyiiferales, 420-421 ; of dicotyle- 
dons, 121-122 

Tradescaniia, cells of, 225*, 227* 
Transfer of materials in germination, 
301-303 

Transpiration, 28-29, 142 ; and clilor- 
enchyma, 01-63, 67 ; control of, 53, 
60, 66 ; ciiticiilar, 65 ; daily march 
of, 70-77 ; in deciduous leaves, 66- 
67 ; in dicotyledonous steins, 110 ; 
and distribution, 65 ; factors influ- 
encing, 59-60; and growth, 160; 
harmful effects of, 66-57 ; and light, 
112 ; and loss of leaves, 134 ; and 
modiflcations of structure, 03-64 ; 
and number and size of leaves, 60- 
61 ; process of, 56 ; rate of, 9, 70-71 ; 
and salts, 57-69, 185 ; and sleep 
movements, 91-92 ; in soil, 188 ; and 
stomata, 63, 67-70; and wilting, 
188-189 

Transplanting plants, 61 
Tree ferns, 73 

Trees, dormancy of, 161, 102-103 ; 

height of, 447-448 
Tmnella, 359* 

Tmnellale.% 

Trichomes, 62*, 63, 284 ; in dicotyle- 
donous stem, 116 ; in leaf, 74-77 
Trigli^cerides, 291 
Triiiylnids, 241-242 
Tripinnate leaf, 73 
Triumfeita aynnitt, fruit of, 287* 
Triiimfetta hartraniia, fruit of, 287* 
Tropical rain forests, 433-439 
'iTuffle (Tuber hnonale)^ 351*, 352 
Tsuga heterophylla^ 444* 

Tube, pollen, 221, 406 
Tube cell, of Cycadales^ 409 ; of pine, 
425 
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.. 481-432 VenusVflytrap (I)io»aea. 

rn V ,v- 172- ot poUto, li ) , Vertioaneave^ -jp ^ ^ - i, 

Tabei», i'- ; ,r .,,„oic, nf anciospei'ms, 429 , can 


^wuto, D3*; of . 

Tubers, 

stexu of, 14<^ 

Tuudrai lOO, 288 ; aud 

Turgidity, ■ ’:|' iig-il9: iiistuiua, 
rio'idity ot bteui, li 

o<, 195 - in cells, 41 - 42 ; in 

Turgor pressure, Ibo 
Turnips, 20 a 

Turpentine, 127 !-» 

Twiners, ld8 

. oow->9l* and Oedogoniim^ 

105*, 109 modified stems of, 

Uneuria yambiei, modii 

Unilfxmxl flowers, 206 

Units opi'’™r.yr;r)* Xsee T>roii)haMu 

lTmlinales,A')i, Ao. ■ ^ 3^2 

Urediuiospare, 300 *. oo- , 

Vroeudis 

lTsneabarbakt,oh2- 

Ustilaginales, "oo , 

ITditaylnoidM mi 

irstilago sacelmn,^* 
milago 2eae, 
mrieularM, 8 o», 80 8 i 


Vacnnles, 22,_23 arassi, 216*, 

giijuma (,u. ^ 

. 048. coiitinnous. 218-249; 

Variation, 218 . ^o • op.i-oOO 
due. to liybruUxation, -■*■ 

Varnisli, 128 ^ ^ 187*. Ill*, 

Vascular bundles, . 8. 1 of 

, 148*; o of fern. 

dicotyledons, - 
381*, 38... 380* .08. 
ocotyledons, 141 , 

■ , q^i 0 -‘lo 4 ; aiul OD»i//cc/cs, 

production u', ooi 

Veit'S, 27 , Sy. o 3,* 

Venation, -u - • 3^ 

Venter. .V.H', sc,.). 469 ; "t 

terns. oHc, '>• onV?,- 

YenturUi nneer/una.s, do 


Yerticalleaves, 38 4oo • c^ybcv 

s’^sr™; i 

liydrates in, l^w, j 
dons, T22-T23_ 

Vinegar, 184, 30 < _ 

Yiscwn orientale^ 

Antainins, 29.3 . 

Voltocaeeae, 321’^ 

Walnut, 278 irnmmeUwi), 191'- 

wandering . Tew, 

w£r.sS p'*! !;; 

s^-'4;5SS:k^ 

i si', ,«• ! 1 " • 

138 

Water Wo'«®’;''7p.„f 71 

Water f'^YX^Momua crumi0<), 

spaces m petiole oi, o4. bO 

Water table, 18b 

Water vapor, 8 

Web, 13<) 

’ 115 213. 240, 2.54. 291, 

■' :iS' t eotr of’, 245* ; staroii grams 

..f, lo* 3.57*, fl.59.‘3i!2 

4#. Wheat rusV>.>>;': ^ ’ 

of whipgtfi"'^\p^ 

.ni. White of egg. 18 

lot- Whorlcd leaves, 101 10- 

'\wluanspiW 

W^ing fruit, 282^ 

Wings, 282 , 284 ,ic,,/i/.ritH‘ 

Wood. 1 . 15(3 * 451* ; si?c,ondar>\ 

Wood libers, l‘2o 
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Y laii.g-y laug ( Cmu mg i nni odorat a ui ) 
fruits of, 273-^- ; stoiii of, 148*^' 
Yucca alata, 


Wood mil of <licotyledoiiK, 

128 

Wood pulp, 151-152 
Wood niy, r2() (note) 

Wouuds, 15(i 

Xeropldlous forests, 4;32 
XeropUytes. 11, 13 

Xeropliytic leaves, 443; of Conlferales^ 
120 

Xerophytie phiitls, 03 
Xerophytic structure of orchids, 4,30 
Adjl{(ri<(^ 352 ’^- 

Xylem, 1)8 ; in conducting system of 
leaf, 37 ; of (Uei)tyledonous stele, 
121 ; of Enjthroxiflon cocvf, 35-* ; in 
/.ryru, 33-*- ; and transpiration, 58 


Zaviiaflorldtma^ 408, 401)'*, 411^, 412^. 
410 * 

Zea mai/a {Indian corn), section of leaf 
of, 38* 

Zehrina (Wandering Jew), 

stoma of, 07* 

Zein, 201 

Zeplcyrantlies rosecu ovule of, 222* 
Zodsporangia, 345 
Zoospores, 311, 320-321 
Zygomycetes^ 347~351 ; relationship of, 
340-351 ; Jihizopus nigrican.% 347- 
340 

Zygosi3ores, 320-321, 330-337 ; in 
molds, 348*, 349* 

Zygote, 230 


Yams, 203 
Yeast, 352' 



